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60 ELECTRO-MAGNETISM. 

whether this velocity varies in different of currents upon one another, it i« 
cases, nor have we any distinct idea of necessary to consider the total action of 
the causes that are likely to produce each as resulting from the corahined 
such variation. We can perceive, how- actions of every one of its parts. As 
ever, that the mode of transmission has it is not possible to institute a direct 
a considerable influence on the results, measurement of those elementary forces 
The currents transmitted by perfect exerted by each indefinitely small por- 
Gonductors are continuous; that is, t ion, the one upon the other, the inquiry 
their intensity is either constant, or varies can only be made by assuming some 
insensibly durinc: two consecutive in- hypothesis relative to the law of diminu- 
stants. when the conductors are im- tion according to distance, and prose- 
perfect, the currents are discontinuous; cuting the consequences of such an 
for the electricity is allowed to accumu- hypothesis, when applied to such finite 
late for a certain time, and until the portions of current as occur in our 
insulating force is overcome, when it experiments, and to compare them with 
escapes, and passes on with a sudden actual observation, their accordance 
impulse, analogous to an explosion, with which will be a test of the admis- 
The electro-motive power continuing to sibility of the hypothesis. 
act, gives rise to a second accumulation, (] 79.) Guided by the analogy of all 
and a firesh explosion, and so on succes- the other known forces in nature, we 
sively. These alternations may become shall assume that the mutual actions of 
sufficiently rapid to escape our senses, the elementary portions of electric cur- 
and thus produce the appearance of an rents are inversely as the squares of 
uninterrupted current, although it be their relative distances ; and tnis is, in 
really discontinuous. The distinctive fact, the supposition which agrees best 
character of such currents is, that they with all the facts that have hitherto been 
are incapable of producing a deviation ascertained. If we suppose A, for in- 
in the magnetic needle. This is the stance (flg. 97), to be an indefinitely 
case with the current produced by the smaU^' portion of the rectilineal current 
common electrical machine, when a com- PN, moving from left to right, it will 
munication is established between its act upon another elementary portion, B, 
positive and negative conductors : and 

also with the currents established In p^tt, 97. 
what have been called the secondary 
piles of Ritter (see Electricity ^ } 93), 

or piles constructed with a series of ^ — ""^ 
metallic discs separated by humid con- 
ductors. Discharges from the Leyden 
vial, in like manner, although they in- 
duce a degree of permanent magnetism 

in steel bars near which they pass, yet B ■■* > 
scarcely leave any traces of their effects 
on the needle of the galvanometer, when 

transmitted through the wires of that ^ '^ ^ 
instrument. 

(177) The continuity of the electric of a current placed at a given distance 
current bemg the quality most imniedi- ^j^j, nine times the energ^ that it exerts 
ately concerned m the production of the ^ similar portion of current placed 
effects that are the subject of our present ^(q th^ee timis further removed from 
consideration ; and it being impossible j^. jf ^^ ^.^11 the force of attraction / 
for us to discriminate differences of ve- ^he intensity of the first current a, and of 
locity or of quantity in any other man- ^^e second current b. and the distance 
ner than by the total effects that result y^x^^^^ them, or the line B A, d, the 
from ttie passage of the current through following equation will express the law 
a conducting body we shaU distinguish j^^^^ enunciated :- ^ 
contmuous currents only in respect to •* , 
their intensity ^ and pretend to judge of / = ^ 
the degrees pf intensity solely by the c? • . 
amount of the effects produced on the (180.) It may be demonstrated ma- 
galvanometer, thematically, that such being the law ot 

(178.) In order to arrive at the fun- elementary action, it will follow as a 

damental law of electro -dynamic action necessary consequence that the total 
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PREFACE. 






% Thb design of the preseni work it to offer a condensed and metbodloal 

C Treatiie on that important department of Natural Philosophy which i^om- 

pri«e9 the diversified phenomena of Eiectricity and Magnetism* Theie 

phenomena, which were formerly regarded aa tbeeffecta of two perfectly 
distinct agents, are now discovered to have an intimate relation to one 
another, and, in all probability, to be dependent on one and the same prin- 
ciple : in like manner as it was found by Newton, that the eimpler 
mechanical phenomena of the universe are the results of the tingle principle 
of gravitation. A succinct and connected account of the numerous disco- 
veries which the exertions of philosophers have recently brought to light on 
this highly interesting branch of physical science, collected from the various 
scientific Journals and Transactions through which they are dispersed, and 
^} digested in a didactic order, seemed to be particularly wanting, and to be 

• especially calculated to further the objects of the Society for the Diffusion 

f\ of Useful Knowledge. In pursuance of this design, I have aimed at giving 

to the subjects treated as much condensation as was compatible with per- 



N^ spicuity. I have endeavoured to conduct the student, by a regular progres- 

^ sion, from the simpler to the more complex topics of research ; and I have 

^ also been anxious, by placing constantly before his view the distinction 

^ which exists between ascertained facts, and the hypotheses and theories 

devised for their explanation, to illustrate the precepts of Bacon by ex- 
amples, and to foster that genuine spirit of philosophical inquiry by which 
alone error can be avoided and truth attained. 

For the many deficiencies which I fear the reader will discover in the 
completion of this design, I have to plead, in extenuation, the very scanty 
portion of leisure which the continual pressure of my professional duties 
leaves at my disposal. When I undertook this task, at the request of the 
Society, above four years ago, I was far from anticipating the extent of the 
labour it has imposed upon me; and from the multiplied interruptions 
to which I have been subject, I have been compelled to prosecute the work 
in a desultory manner, and at irregular and uncertain intervals. 

Since the publication of the earlier Treatises composing this volume, many 
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valuable researches have been made, both in Electricity and in Galvanism, 
which deserve to be recorded in their proper places. This, however, is an 
inconvenience which, in the present age of improvement, must be inci- 
dent to every scientific Treatise ; for while so many accessions are daily 
accruing to the stock of information, it is hardly possible to keep pace with 
the rapid growth of knowledge ; nor can we ever hope to incorporate the 
whole of the discoveries, which have been made up to the last moment of 
publication, in a systematic work on any science. To wait till perfection 
is attained would be vain and fruitless presumption ; for the architecture of 
science has this peculiarity, that the foundations must be prepared, and the 
superstructure begun, long before the plans and elevations are completed. 
To posterity will be left the task of adding the key-stone, and of removing 
the scaffolding which interrupts the symmetry of the perfect edifice. 

P. M. ROGET. 

39, Bernard Street, Ruaseli Square, 
December 12, 1831. 
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ELECTRICITY, 



Chaptkr I. name of science. The real science of 

General Facts and Principles. ^^^^''H "^""j ^F^P^^^ speaking, be 

^ considered as taking its nse only m a 

(1.) The science of Electricity, which later age ; and it was the first fruit of 
now ranks as one of the most important that active spirit of investigation, which 
branches of Natural Philosophy, and at the commencement of the eighteenth 
which embraces so many subjects of century was rapidly diffusing itself over 
inquiry, exceedingly curious in thtm- Europe. The establishment of the Royal 
selves, and highly interesting from their Society of London appears to have had 
i-elations with every department of na- considerable influence in promoting the 
ture, is wholly of mod6m creation. The cultivation of elecfricity: for we find 
ancients were, indeed, acquainted with that almost every discovery of import- 
a few detached facts, depending on the ance in this science was made by the 
agency of electricity ; such as the at- members, and is recorded in the Trans- 
tractive power which amber acquires by actions of that Society. But it was not 
being rubbed, the benumbing shocks until the present century tliat the ex- 
which are experienced on touching the tensive relations which connect electri- 
iorpedo (or electrical eel), and the ap- city with so many other branches of 
pearance of those sparks or streams of physical science, were discovered, and 
light which, on some occasions, are seen their importance appreciated. Already 
to issue from the human body. But no have we seen, in this short era, the rise 
suspicion was entertained that these of a new science, founded on that pe- 
phenomena had anv connexion with one culiar modification of Electricity, which 
another ; and far less was it imagined is known by the name of Galvanism. 
that they were the effects of a power Hence, have we derived new instru- 
pervading aU material bodies, andex« ments of analysis, new paths of research, 
tensively concerned in all the operations and new powers of extending the do- 
of nature. minions of science ; hence, have we 
(2.) It was only by slow degrees that been able to trace alliances between 
this knowledge was acquired. The first several of the great agents concerned 
step towards a generalization of the in the phenomena of the material uni- 
phenomena was made by Dr. Gilbert, verse. Electro-Chehistry has thus 
an English physician* who, in the year arisen as one of the connecting branches 
1600, published a very original and va- between remote divisions of the Philo- 
luable treatise on the magnet. Here- sophy of Nature. Still more recently 
marked that several other bodies besides there has been opened to us, in the sub- 
amber can, by fiictioti, be made to at- ject of Electro-Magnetism, another 
tract light bodies; and he was thus led new province of science, which esta- 
to the discovery of a property common blishes a natural connexion between 
to aU of them. The Greek name for two powers hitherto regarded as dis- 
amber being i»x««r{«f {Electron), the tinct. 

bodies possessed of this properiy were So rapid has been the march of scien- 
denominated Electrics ; and the power tific improvement, that it is difficult for 
they manifested was termed Electri- those whose attention has not been 
city. The observations of Boyle, Otto steadily and exclusively devoted to these 
Guericke, Newton, and a few other phi- particular objects, to keep pace with 
losophersofthe same period, contributed the progress of discovery. The mate- 
somewhat to the extension of our know- rials collected by the numerous labourers 
ledge on this curious subject ; but even in these wide fields of inquiry have 
the information collected during the poured in upon us so fast, that there 
'whole of that century amounted to has scarcely yet been time for marshal- 
nothing tliat could be entitled to the ling them in their proper places, and for 
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t fiLECTRICITt. 

disposing them in the order best fitted and which are, therefore, termed noH* 

for instruction. It is to be lamented electrics, 

that there exists as }ret no general and (6.) The principal electric substances 

comprehensive treatise embracing the in nature are the following : viz. amber, 

whole of these extensive and compli- gum-lac, resin, sulphur, glass, talc, the 

cated subjects of modem research ; and precious stones, suk, the fur of most 

that the student has still to gather the quadrupeds, and fdmost all vegetable 

information he seeks from a multitude substances (excepting charcoal), which 

of journals and other miscellaneous havebeen thoroughly deprived of mois- 

sources, where they lie irregularly scat- ture, as, for example, baked wood, and 

tered, and are not to be arranged, ot very dry paper, 
even found, without a great expenditure (7.) Afber the bodies which had been 

of time and labour. It is the aim of attracted by the excited electric have re- 

these treatises to supply, in some degree, fnained in contact with it a certain time, 

this deficiency, in as far, at least, as the force which hekl them together 

relates to the instruction of those who ceases to operate : the bodies then re^ 

have no previous acquaintance with the eede from the electric, and if tiie latter 

subject, and are desnrous of being Sniti" be a^in presented to them, they will, 

ated in the principles of the science. provided they have touched no other 

(3.) In order to convey the clearest body, be repelled, or driven off, instead 

and most philosophical views of the sub- of attracted. This change from attrac- 

ject we are about to treat, we shall begin lion to repulsion takes place more 

by stating, independently of all theory^ slowly with some substances than with 

the most general facts relating to Elec- others : some bodies will adhere to the 

tricity ; presentingthem at first in their dectric a considerable time before they 

simplest form. We shall, in the se- recede ; whUe others, and especially me- 

cond place, review the theories which tallic bodies, are repelled the instant 

have been framed for the purpose of after contact i—the reason of this will 

connecting these facts in the mind. We afterwards be seen, 
shall thus be enabled, lastly, to study (8.) 'It is also to be noticed that two 

their combinations, to unravel their com- bodies which have both of them been 

plicated results, and to follow them in in contact with the same dtectric, mutu« 

their practical amplications. ally repel each other. 

(4.) The general Itets relating to (9.) The phenomena ofeleetrieal at-i 

Electricity maybe reduced to the six traction and repulsion are best observed 

following heads :— - when electncs of considerable size are 

1. Excitation. employed. For tiie experiments we are 

2. ATTRACTioif. about to describe, it is convenient to 

3. Repulsion. have them of a cylindrical shape, which 

4. Distribution. admits of their being more easily carried 

5. Induction. in the hand, and more readily trans- 

6. Transfbrsncb. ferred to wherever we may wish to place 

them. We may employ as our dectric 

(1. Of Excitation, Attraction^ and a thick cylinder of sealing wax, or one 

Repulsion. of sid^^ur. If glass be chosen, it should 

(5.) If a piece of amber, or sealing- be in the form of a tube of considerable 

wax, or a smooth surface of glass, per-^ diameter, and should, previously to the 

fectiy clean and dry, be brisWy rubbed experiment, be gently warmed before 

with a dry woollen cloth, and unme- the fire, in order to expel all moisture 

diately afterwards held over small and fix)mits surface. As a rubber we may 

light bodies, such as pieces of paper, use a silk handkerchief^ a piece of clean 

tlS-ead, coric, straw, feathers, or frag- flannel, or the fur of a quadruped ; but 

ments of gold leaf, strewed upon a tabfe, the material which produces the greatest 

these bodies will be seen to fly towards effect when rubbed with glass is an 

the surface that has been rubbed, and amalgam (or mixture) of mercury with 

adhere to it for a certain time. The tin or zinc. Whatever be the substance 

surfaces which have acquired by fiic- employed, it should be perfectly dry ; 

tion this attractive power are said to be to ensure which condition it should, pre- 

excited; and the substances thus sus* viously to being used, be held for some 

ceptible of excitation are termed eleC' time before the fire. 

tries, in contradistinction to such ae (10.) When, by attending to these pre* 

are not excitable by a similar process eaations, a s\3Mfnm^ powerful ex)cite« 
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meat of the cylinder has been obtained, 
we BM^ c^serve several other remaric* 
aMe phenomena, besides those of attrac- 
tion. If the experiment be performed 
in a dark room, flashes of light, of a 
bluish colour, will be percdred durii^ 
the friction, extending over eyerypart <» 
the surface rubbed ; and sparks, aUended 
with a sharp snapping sousd, will be 
seen to dart around it in various dixee» 
1ions« If a round body, as a metallto 
ball, be presented to it, and moved from 
one ead to the other, a succession of 
sparks will be obtained as the bail passes 
along the surface ; and if the knudde 
be presented instead of the metallio 
bail, each spark will be accompanied by 
a prickii^ sensation. When the ex*^ 
cited cylinder is brought near to the 
face, an unpleasant sensation of tickling 
is fdt in the Mcin, as if it had been co- 
vered with a cobweb. 

<ll.) If a ^k>be of metal be sus^ 
pend^d in the air by silk threads, and if^ 
while in tMs situation, it be rubbed by 
an electric, such as silk, fur, or the 
outside of ibe skin of a cat, it will also 
become ^ectrical, and exMbit the same 
prc^rties of attraction tod of r^uision 
as if it had been itself an electric* The 
circumstance of its bemg thus insulated 
or cut off from the contact of any sub- 
stance, except the air and the electric 
which sustains it, is essential to the suc- 
cess oi tills expaiment. 

(12.) Various modes have been de- 
vised for exhibiting distinctly the attrac- 
tive and repulsive agencies of electricity ; 
and for obtaining indications of its pre- 
sence, when it exists only in a feeble 
degree. Instruments for this purpose 
are termed Electroscopes. One of the 
simplest of these is the Electroscope of 
Hauy, which is very similar to that 
Ibrm^ly proposed by Dr. Gilbert. It 
consists of a light metallic needle, ter- 
minated at each end by a light pidi 
baQ, whidi is covered with gold leaf. 



(13,) In some oases it is moris con- 
venient to employ a pair of similar 
baUs, suspendod firom a brass ball fixed 
to the end of a glass handle, by very fine 
silver wires, or by hempen threads, pre- 
viously steeped in a solution of salt, and 
afterwards dried. See^^. 2. 

Fig 2. 



(14.) Cavallo has contrived an elec- 
troscope of the same kind, which has 
tiiie advantage of being more portable 
tiian that of Haiiy, while it is, perhaps^ 
equally sensible. It is formed by two 
fine silver wires, each carrying at one 
of their ends a little bail made of cork, 
or of the pith of the ekier tree; the 
oth^ ends of the wires hemg suspended 
from a cork, which is rsith^ long, and 
tapering at both ends, so as to fit either 
way into the mouth of a varnished glass 
tube, s«*ving boih as a handle to the 
instrument when in use, and as a case 
for it when earned in the pocket When 
it is to be employed as an electroscope* 
the wires with pith balls are placed so 
as to hang out from the end of the 
tube, and will indicate ly their diver- 
gence any electricity which may be 
communicated to them. {Fig, 4.) When 
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Fig. 4. 




and supported horizontally by a cap at 

its centre, on a fine point. The attractive the instrument is not in use, the wires 



or repulsive power of any dectrified 
body presented to one of the balls, will 
be indicated by the movements of the 
needle. 



are put into the tube, by invertii^ it, 
and closing it with the om&c end of the 
cork. (1^. 3.) 
(15.) For studying the circumstanccii 

B 2 



ELECTRICITY. 



attending eleetrical attraction, we should 
be provided with stands, from the ends 
of which are suspended bjr their respee- 

^5. 





tive threads one or two pith balls, about 
the size of a small pea, as shown in 

( 2. DutrilniHon and Transference. 

(16.) If an excited electric be brought 
near a pith ball suspended by silk, uie 
ball win, in the first place, approach the 
electric ifis. 6.)f indicating an attrac> 
tion towards it, and if the position of 
the electric will allow, the ball will come 
into contact with it and adhere to it for 
a short time ; but it will presently after- 
wards recede from the electric, snowing 
that it is now repelled, {fig. 7.) If we 
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now remove the electric, and present to 
the baU which has thus touched it, a 
second ball which has had no previous 
conununication with any electric, we 
find that these two balls attract one 
another, and come into contact. The 
same actions are repeated between this 
second ball and a tnird, which may be 

Presented to it ; and so on in succession, 
ut with a continued diminution of in- 
tensity. This diminution plainly indi- 
cates a diminished power, in conse- 
quence, as it would seem, of its being 
distributed among a number of bodies. 
(17.) In the prosecution of these 
experiments, therefore, the effects will 
be more distinct, if, instead of small 
pith bails, we employ a globe of metal 
of largw size, which wiU allow of the 
reception of a considerable quantity of 



this electric influence by contact with 
the excited electric. A globe, suspended 
by silk threads, as the pith balls are, 
and which has extensively touched the 
electric, will act upon these balls pre- 
cisely in the same way as the original 
elecfric would have acted upon them, 
and may accordingly be substituted for 
it in all these experiments. It is, indeed, 
exactly in the same condition as the 
globe rubbed by an electric, already 
mentioned. ($ 11.) 

(18.) From the whole of these facts 
we necessarily infer that the electric has 
imparted to the ball or globe which 
came in contact with it, properties ex- 
actly similar to those wmch had been 
excited in itself by friction. By repeated 
contact with a number of bodies, an 
excited electric is found to lose its elec- 
trical powers in the same degree as 
these powers have been acquired by the 
bodies themselves ; and fresh excitation 
alone can renew them. It is evident, 
then, ^that the unknown agent, which 
we have termed Electricity, is capable 
of transference, in the same sense in 
which we speak of heat being communi- 
cated or transferred from one body to 
another, and that, like heat, it is weak- 
ened by diffusion among a number of 
bodies. 

(19.) If the electrified ball be touched 
with the finger, it will be deprived of 
the whole of its electricity, which will 
pass into the body of the person who 
touches it. It is now reduced to its 
original or natural state, and is again 
susceptible of being attracted, either by 
an excited electric, or by another body 
to which electricity has previously been 
communicated. 

If the electrified body, instead of 
being touched with the finger, had been 
touched by a rod of metal held in the 
hand, the effect would have been the 
same in both cases : hence we may 
infer that the metallic rod is capable 
of conve)ring away from the body the 
whole of its electricity. But if a glass 
rod be substituted, the result is very 
different ; the body touched is found to 
retain the whole of its electricity, not- 
withstanding the contact of the glass 
rod. We are thus led to the conclusion 
that some substances, such as glass, 
are incapable of conducting electricity ; 
while others, such as the metals and 
the human body, readily convey that 
influence. 

(2A.) It is invariably found that all 
dectriot are, at the same time, non-ecm^ 
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ductors. Conductors, on the other cellian vacuum, as it is called, there i* 
band, are non-electrics. The two qua- in general present a minute portion of 
bties of a capability of excitation, and a air, as well as of mercurial vapour, 
power of conducting electricity, appear which are sufficient to conduct electri- 
to be incompatible with each other— city. Small globules of air usually 
for the one is always found to diminish adhere to the mercury, and to the sides 
in proportion as the other increases, of the tube ; and these, upon the re- 
Tlie permanence of electricity in metallic moval of pressure, expand into an 
bodies, which are suspended in the atmosphere. It has been asserted by 
air by silk threads, shows that the air Mr. Morgan that if great care be taken 
as well as the silk is a non-conduptor. to remove every source of error, by the 
Bodies which are in this way surrounded employment of very pure mercury, and 
on all sides by non-conductors are said by boiling it for a long time in the tube, 
to be insulated. When this condition a perfect vacuum may be obtained, 
is not observed, that is, when the body which does not conduct electricity. His 
is in contact with conducting bodies experiment, however, was made long 
which communicate with the earth, its ago, and requires careful repetition, 
electricity will escape by the channel before the result can be confided in. 
which is thus opened for it, and will be (22.) The circumstance which chiefly 
lost by difiPusion in the mass of the detemiincs the conducting power of 
earth, which is formed . of conducting common air is that of its containing a 
materials, and which may be regarded as greater or less quantity of moisture, 
the great reservoir both for the absorp- Water is a very good conductor of elec- 
tion and supply of electricity. Hence tricity ; and that portion which is sus- 
we see why it is not possible to accu- pended in the air tends powerfully to 
mulate electricity in a conducting body carry off electricity from the bodies 
while it is held in the hand, and why which are chared with it, and which 
^ectrics alone are capable of permanent are surrounded by air. ^ Moisture also 
excitation. easily attaches itself to glass and other 
(21.) ^The insulating power of atmos- electrics, and deprives them of the 
pheric air depends princij>ally upon power of insulation. Hence, the same 
two circumstances, its density and its experiments which succeed in a clear 
dryness. Air with the density which it dry day, will often fail when tried in 
has under the ordinary pressure of the damp weather : and hence we see the 
atmosphere, if perfectly dry, is a remark- utility of previously drying every part 
ably good insulator, even although it of the apparatus, in order to exclude as 
be rapidly renewed on the surface of much as possible the interference of 
the electnfied body. This is shown by moisture. 

an experiment of Franklin*s, in which (23.) The conducting powers of most 

he whurled an electrified ball round his bodies are influenced l:y changes of tern- 

head, by means of a silk line, with great peratiu-e, and also of form: Thus, al- 

rapidity, so as to make it })erform many though water in its liquid state is a good 

hundred revolutions, without being conductor, yet, when congealed, in the 

able to perceive that it had thereby lost form of ice, its conducting powers are 

any sensible portion of its electricity, much impaired ; and at a very low tem- 

Neither an increase, nor a diminution perature, namely, at —13°of Fahrenheit's 

of temperature, appears to lessen its in- scale, ceases altogether. Mr. Achard, 

sulatin^ power. But in proportion as who observed this fact, formed ioe of 

the air is rarefied by the removal of the this temperature into a spheroid, and 
superincumbent pressure, its power of ' mounting it upon an axis, was able to 

confining electricity diminishes, till, at excite it by friction as any other electric, 

last, when the rarefaction is very great. On the other hand, by raising the tem- 

it opposes scarcely any resistance to the perature of water, its conductmg powers 

passage even of very feeble electricity ; are increased. (3harcoal is also found 

and it may be then classed among con- to transmit dectricity with more facility 

ductors. This is the case with the im- when hot, than when cold. Glass, which 

perfect vacuum produced by the air- is a non-conductor when cold, becomes 

pump, from which it is almost impos- a tolerably good conductor when heated 

sible to exclude minute quantities of to redness ; and a similar change takes 

air. Even in the space left in the upper place in sulphur and in resinous bodies 

part of the tube of a barometer by the when melted ; and also in baked wood 

descent of the mercury, or the Torri- when heated. Reducing substances to 
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(wwder hM often an eilsot upon their 
powers of oondoctinff deotaricity. Snow 
conducts less readujr than ice of the 
same temperature. The same is the 
case with powdered charcoal^ when 
compared with the same substance in 
its entire state. But glass, on the con- 
traiy, acquires some conducting power 
by being pidveriied, as was ascertained 
by Van Swinden, who extended the samt 
observation to sulphur. 

Many bodies, which, in their usual 
state, are good conductors of dectridty^ 
lose this power when they are made 
veiy dry. This is the case with recent 
vegetalMe and animal substances, their 
conducting powmr appearing to be de- 
rived soldy fi^m the fluids they con- 
tain. 

(24.) Strictly speaking, there is no 
substance hitherto known that is per<* 
fectly impervious to electricity ; for the 
intensity of that i^nt may be so in- 
creased as to force it, for a certain small 
distance, through all bodies : neither is 
there any body in which the conducting 
power is infinitely great ; that is, which 
opposes no resistance to the transmission 
of electricity. If the degree of conduct^ 
ing power which bodies possess could 
be asc^ained with sufficient precision, 
they might be arranged in jH-ogressiYe 
order; but the present state of our 
knowledge afibrds only an approxima^ 
tion to such a series. As a table of 
this kind, however, with all ks imper^ 
fections, may be of great use, we sub- 
join the following, in which the cfifferent 
bodies are arranged in one series, begin- 
ning with those which have the greatest 
conducting power, and terminating with 
those that have tiie least. The order in 
which they possess the power of insu* 
lating is, of course, the reverse of this. 

Catalogue {/Bodies in the Order of their 
conducting Power^ 

The perfM, or least oxidable metals. 
The more oxidal^e melals. 
Charcoal pt^ared firotii the harder 

woods, and weU burned. 
Plumbago^ 

The concentrated mineral adds. 
Towdered diarcoal. 
Dilute acids. 

Solutiotts of metallic and neutral salts. 
Metallic ores. 
Animal fluids. 
Pure water. 
Snow. 

LiYing Tei^bles, 



living animals 

flame. 

Smoke 

Steam. 

Metallie salts 

Salts with alkaline or earthy bases. 

Rarefied air. 

Vapour of alcohol. 

Vapour of ether. 

Karths and stones in their ordinarf 

state. 
Pulverised ^ass. 
Flowers of sulphur. 

Diy metallie oxides. 

Oils. 

Ve^etaUe ashes. 

Animal ashes. 

Dry transparent eiystals. 

Ice below — 13° Falurenheit. 

Phosj^rus. 

Lime. 

Dry chalk. 

Native carixmate of baiytes« 

Lycopodium. 

Caoutchouc, or Indian rubber^ 

Camphor. 

SUiceous and arg^aceous stones in 
proportion to their hardness. 

Diy marble. 

Porcelain. 

Baked wood. 

Dnr atmospheric air, and other ^ea. 

White mxgkr, and sugar ciysta&aed. 

Leather. 

Dry parchment. 

Diy paper. 

Cotton. 

Feathers. 

Hair, especially that of a livbg cat.* 

Wool. ^ 

Dyed silk. 

Bkached siSk. 

Raw silk. 

Transparent gems. 

Diamond, 

Talc. 

Metallic vitrifications. 

Glass, and other vitrifications. 

Fat. 

Wax. 

Sulj^hur. 

Besins, and bituminous substances. 

Amber. 

Oum-lac. 

Although the precise point in the 
scale which forms the separation he* 
tween conducting and insulating bodies 
must, of course, be somewhat indefinite, 
we have endeavoured to mark it by the 
division in the above table. 
(25.) It appears, from the experimoits 
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of Mr. Coulomb, that a thread of gum- the imperfection of the insulating pro- 
lac is the most perfect of aU insulators, perty in the solids by which it is sup- 
and is ten times more effectual than a ported. Secondly, the contact of suc- 
silk thread as dry as it can be made ; cessive portions of air, every particle of 
for the former, when only one inch and which carries off a certain quantity of 
a half in length, insulated as well as electricity. Thirdly, the deposition of 
a fine silk thread of fifteen inches, moisture upon the sur&ce of the insu- 
When the thread of silk was dipped lating body, which establishes commu- 
in fine sealing-wax, it was equal in nications with its remote ends, and may 
power to a thread of pure lac of be considered as virtually increasing its 
four times its length. Professor Ro- conducting power, 
bison found that the conducting power (27.) Witn regard to the first cause, 
of silk thread depends greatly on its Mr.Coulomb has completely ascertained 
colour ; or, in other words, on the nature that for all fine cylindrical fibres, such 
of the drug with which it is dyed. When as hair, sUk, filaments of gum-lac, &c. 
of a brilliant white, or a black, its con- if the nature of the substance, the dia- 
ducting power is the greatest; and a high meter of the fibre, and the dispersive 
golden yellow, or a nut brown, renders state of the air are supposed constant, 
it the best insulator. Glass, even in its the length of the fibre requisite for the 
diyest state, and in situations wh^ie it complete insulation of a given intensity 
was impossible that moisture could have of electricity, varies as the square of 
access to it, is stated by the same author that intensity. Theory, therefore, leads 
to insulate considerably better than silk; to the conclusion that, however great 
and when drawn into a slender thread, may be the intensily, there is always a* 
and coated with gum-lac, it acted as certain length beyond which a filament 
well as a thread of lao of one-third of of any of these bodies becomes a p^ect 
the length. It was found, however, at insulator ; and we find, in practice, that 
the same time, that extreme fineness by diminishing the intensity of the elee- 
was requisite ; for it dissipated in pro- trici^, or increasing the length of the 
portion to the square of its diameter, submance it has to traverse, a sufficiently 
The insulating power of glass is remark- accurate d^ree of insulation may be 
ably injured by having a bore, however obtained. With respect to the second 
fine, unless that bore admits of being source of dissipation, it was found that 
also coated with lac. Human hair, in a given state of the atmosphere, as 
when completely fireed firom eveiy thin^ far as it could be determined by the 
that water could wash out of it, ana indications of the barometer, thermo- 
then dried by lime, and coated with lac, meter, and hygromet^, the dissipation 
was equal to silk* Fir, cedar, larch, at each instant of time, varied directiy 
and the rose-tree, when split into fila- as the intensity of the electricity, 
ments, and first dried by lime, and after- (28.) There is one very material cir- 
wards baked in an oven, which just cumstance relating to the dissipation of 
made paper become faintly brown, electricity that should here be men- 
seemed scarcely inferior to gum-lac. tioned, although its explanation must 
Tlie white woods, as they are csSled, and be deferred till the principles on which 
mahogany, were much inferior. Fir, it depends have been developed; and 
baked and coated with melted lac, seems, it is, that the power of retaining elec- 
therefore, the best support when strength tricityin any body is much influenced 
is required. The lac may be rendered by its shape. The form most favomrable 
less brittie by a minute portion of pure to its retention is that of a sphere; next 
turpentine, which has been cleared of to which is a spheroid, and a cylinder 
water by a little boiling, without sensi- terminated at both ends by a hemi- 
bly increasing its conducting power, sphere. On the othw hand, electricity 
Lac, or sealing-wax, dissolved in spirits, escapes most readily fi*om bodies of a 
is far inferior, for these purposes, to pointed figure, especially if the point 
what it is when melted by heat. projects to a distance firom the surface. 
(26.) The laws which regulate the In such bodies it is scarcely possible, 
gradual dissipation of electricity firom indeed, to accumulate any sensible de- 
bodies in a state of imperfect insulation gree of electricity, on account of its 
have been investigated with great ability rapid dissipation firom the point. In 
by Coulomb. Three causes chiefly like manner pointed bodies receive elec» 
operate in depriving a body under these tricity more readily than those of any 
wcumstances of its dectricity :— First, other form. 
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^3. 0/ the two specie* of Eleetrioity. they nevertheless exhibit in all their rela- 
tions to each other a marked contrariety 

(29.) We have hitherto viewed elec- of nature. Hence they are naturtiUy 
trical phenomena as arising from the viewed as agents having opposite quali- 
operation of a single agent, which could ties, which completely neutralize one 
be called into action, and transferred another by combmation. 
from one body to another. We have (32.) Another remarkable circum- 
seen that bodies, which have received stance which characterizes these a^nts, 
their electricity from excited glass, repel is, that the excitation of one speaes of 
one another, and are likewise repelled electricity is always accompanied by the 
by the excited glass. The same thing excitation of the other ; and both are 
happens with respect to those bodies produced in equal degrees. Thus, when 
which have received their electricity glass is rubbed by silk, or flannel, just 
from excited sealing-wax. But upon as much resinous electricity is produced 
examining the action of any of the bo- in the silk, or flannel, as there is vitreous 
dies belonging to the one set, upon any electricity produced in the glass ; and 
^f those belonging to the other, we find, whatever electrified bodies are repelled 
that instead of repelling, they attract by the one are attracted in the same 
each other. Thus, the ball which has degree by the other. If one of the sub- 
received its electricity from the glass, stances happen to be a conductor, and 
attracts that which has been electrified be held in tne hand, the whole of the 
by the sealing-wax, and is attracted by electricity which the friction excites in 
it ; but, what is still more remarkable, it will disappear as soon as it is pro- 
the moment these balls have come into duoed, from its escaping through the 
contact, provided they have both been body of the person holding it, and being 
electrified in the same degree, they lost in the earth. But if uie precaution 
cease at once to exhibit an^ signs of be taken of insulating the rubber, its 
electricity, as if the electricities of bolii electricity wUl become manifest, and is 
were suddenly annihilated by their always found to be of the opposite spe- 
'^ mutual communication. Thus there cies to thatwhich is excited in the body 
appears to be two difllerent, and, in which is rubbed, 
some respects, opposite kinds of dec- (33.) Since the two surfaces rubbed 
tricities ; the one obtained from glass, acquire opposite electricities, it follows 
the other from sealing-wax. Du Fay, as a consequence of the law above 
by whom this distinction was first no- stated, that they must attract one ano- 
ticed, denominated the former the vi- ther ; and this is found invariably to be 
ireoM, and the l^ter the resinotu dec- the case. If a white and a black ribbon 
tricity. of two or three feet long, and perfectly 

(30.) The mode of action which these dry, be applied to each other by theur 
two dectricities exert on matter, may flat surfaces, and are then drawn re- 
be expressed by the following law : peatedly between the finger and thumb, 
namdy, that bodies charged with either so as to rub against each other, they 
species o/electricity, repel bodies charged will be found to adhere together, and if 
toith the same species, but attract bodies pulled asunder at one end, will rush 
charged tvith tne other species; and that, together with great quickness. While 
at eoucU distances, the attractive power united they exhibit no sign of electricity, 
in the one case is exactly equal to the because the operation of the one is just 
repulsive power in the other. the reverse of that of the other, and 

Accordingly, if we wish to ascer- their power is neutralized, and inopera- 

tain what is the species of electricity tive. If completely separated, how- 

with which a given body is charged, ever, each will manifest a strong elec- 

we have only to approach it to a tricsd power, the one attracting those 

small insulated pith ball, which has bodies which the other repds. 

previously been touched either with (34.) The very act of separation is 

excited glass or with excited sealing- accompanied by appearances which in- 

wax. If the body in question rex)d it dicate that considerable portions of the 

in the former case, or attract it in the dectricities excited on each of the sur- 

latter, its dectridty is vitreous ; if the faces fly back to the opposite surface, 

contrary happens, it is resinous. and by their union become as it were 

(31.) Although each of these two dec- extinguished or inoperative; and it is 

tricities, when taken separately, acts in only the remaining quantities which 

a manner preeisdy similar tp the other> have adhered more tenaciously to the 
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surfaces, that retain their activity. When other, the one which has suffered fric« 
the experiment is made in the dark, tion in its whole length acquires vitreous, 
flashes of light attend these sudden ex- and the other resinoul electricity. In 
changes of electricity, passing between like manner, when the whole length of 
the two surfaces, and accompanied with the bow of a violin is drawn over a 
a rusthng noise. limited part of the string, the hairs of 
(35.) Numberless experiments have the bow exhibit a vitreous, and the 
been made with a view of ascertaining string a resinous electridty, the body 
the conditions that determine the species whose excitt^ portion is of the least 
of electricity excited in the respective extent being generally found to be re- 
bodies of which the surfaces are made sinously electrified. But in truth, the 
to rub against each other, but they have slightest difference in the conditions of 
led to no satisfactory conclusion. The these and similar experiments on the 
mechanical configuration of the surface species of electricity arising fi-om fric- 
appears to have a greater influence in tion, will be often sufficient to produce 
the result than the peculiar nature of opposite results, 
the substance itself. If a plate of glass (36.) Electrical excitation may also 
with a polished smrface be rubbed be produced by the fiiction of liquids 
against one which is roughened, the or of gases against solid bodies. This 
former always acquires the vitreous, is the case when mercury is made to 
and the latter the resinous electricity, fall, in a fine shower, under the ex- 
No approach to an explanation qf this hausted receiver of an air-pump, against 
pecuhahty has ever been made. Smooth the glass. If a current of atmospheric 
glass acquires vitreous electricity by air be directed a^nst a pane of glass, 
friction with almost every substance, by means of a pair of bellows, the glass 
except the back of a cat, which gives it becomes vitreously electrified, 
the resinous electricity ; but roughened - . ^ , . . 
glass, if rubbed with the same sub- 5 ^' Induction. 
stances, becomes charged with resinous (37.) Another class of electrical phe- 
electricity, while the rubbing bodies ac- nomena must here be noticed. Wnen- 
quire the vitreous. Sealing-wax, rubbed ever a body is chai^d with electricity, 
with an iron chain, acquires, if polished, although it be perfectly insulated, and 
the resinous electncity ; but if its sur- of course all escape of that electricity 
face is previously rough with scratches, prevented, it tends to produce an elec- 
the vitreous, bilk, rubbed by resin, trical state of the opposite kind in all the 
takes the vitreous, but with polished bodies in its vicinity. Thus the vitreous 
glass, the resinous electricity. The fol- electricity tends to induce the resinous 
lowing is a list of several substances electricity in a body that is situated 
which acquire vitreous electricity when near it ; and this with greater enei^, 
rubbed with any of those which follow as the distance is smaller. This effect 
it in the order in which they are set is termed the induction of electricity, 
down ; and resinous electricity if rubbed and may be ranked among the general 
with any of those which precede : — facts, or laws of the science. The fur- 
ther development of the consequences 
The back of a cat. it leads to, must, for the present, be post- 
PoHshed dass. poned, as we shall hereafter be better 
Woollen doth. prepared to understand them. But there 
Feathers. is one of its results which we shall now 
Wood. point out, as it refers imme<liately to 
Paper. the phenomena that have already occu- 
SilK. pied our attention. 
Gum-lac. (38.) If an electrified body, charged 
^ Roughened glass. with either species of electricity, be pre- 
sented to an unelectrified or neutral 
In the experiment just mentioned, in body, its tendency, in consequence of 
which a black and a white ribbon are the law of induction, is to disturb the 
rubbed together, the former is found to electrical condition of the different parts 
be resinously and the latter vitreously of the neutral body. The electrified body 
electrified. But if two pieces of the induces a state of electricity contrary 
same ribbon of tiie same length be to its own in that part of the neutral 
rubbed, the one being drawn lengthwise body which is nearest to it ; and conse- 
and at right angle? over a part of tb^ quently a state of electricity similar to its 
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own in the remote part. Hence the neu- Chapter II. 

parts of the two bodies, having now (40.) It is impossible to amve at ihm 
opposite electricities, will attract each fuU comprehension of the multifarious 
other. It thus appears, that the attrac- facts relating to any of the physical 
tion which is observed to take place sciences without the aid of some lead- 
between electrified bodies and those ing principles, or modes of viewing 
that are imelectrified, is merely a con- them, by which ttieir connexions can 
sequence of the altered state of those be represented to tlie mind, so as to 
bodies, resulting directly from the law combme them into an intelligible system, 
of induction; and that it is by no We hepn by classing the difSn'ent 
means itself an original law, or j^imary agents m nature, designating ^em by 
fact in the science. specific names ; we next endeavom' to 
(39.) The effects of induction will ccmceive these agents as possessed pf 
be in proportion to the fadlity with certain powers or Qualities adapted to 
which changes in the distribution of the |»-oduction of the observed effects, 
electricity among the different parts of In the ease of light, for example, we 
a body can be effected, a facility which may conceive the phenomena to result 
corresponds with the conducting power from the action of material particles, 
of the body. Hence the attraction ex- ^Baaating in aJl directions from the lu- 
erted by an dectrified bodv upon ano- minoiis body, and obeying certain laws 
ther body previously neutral, will be in their course ; or we may adopt ano- 
much more ener^tic if the latter be a ther hypothesis, namely, that they pro- 
conductor, than if it be an electric, in ceed from the undulations of an elastic 
which these changes can take j^ace medium pervading space. By employ- 
only to a very small extent. This is ing either the one or the oth^ of these 
confirmed by the following experi- hypotheses, we acquire great facility in 
ment : suspend by fine sUk threads of tn^eing the connexions of the pheno- 
e^ual length, two small balls of equal mena of optics, and retaininj^ tnem in 
dimensions, both made of gum-lac, our minds, lliis advantage is not im- 
but one having its surface covered mediately d<^ndent on the truth of the 
with gold leaf. Place these two pen- particular hypothesis we employ for 
dulums, as they may be called, at a that purpose : for, in the exam|^ before 
little distance from one another, so as us, it is evident they cannot both be 
to admit of a comparison of their mo- true, and yet th^ both answer this 
tions ; and then present to them an end. But, of course, the utility of an 
excited electric, which may be either a hypothesis will be propc»rtionate to the 
tube of glass, or a cylmder of siealing- degree of exactness with which it ac- 
wax. It wiU at once be seen that the ooixls with the phenomena. No incon- 
ball, with a metallic covering, which venience can arise from its adoption, as 
readily admits of the transfer of elec- lon^ as we bear in mind that our rea-* 
tricity from one side to the other, wiQ sonings are founded on a mere hypo- 
be much more readily and powerfully thesis, and as long as we hold our- 
attracted, than the other ball which selves in reactiness to abandon it, the 
allows of no motion in its electricity, moment we meet with facts widi which 
T^e latter ball will, by slow degrees, it is decidedly inconsistent, 
however, assume electrical states of the (41.) The hypothesis which naturally 
same kind as the gilt ball, and will be suggests itself for the explanation of 
feebly attracted. As this change is very electrical phenomena is that of a very 
slowly effected, so it is more permanent subtile and highly elastic fluid, pervad- 
when once produced; and the plain ing the earth and all o\h&e material 
ball adheres for a considerable time to bodies, but itself devoid of any sensible 
the electric which has attracted it. The gravity. We must suppose this fluid 
gilt ball, on the contrary, is sooner re- to be capable of moving, with various 
pelled, by its readily receiving the degrees of facility, through the pores or 
charge oi electricity imparted to it by actual substance of different kinds of 
the electric. A degree of permanent matter. In some, as in those we call 
electricity, however, is also induced on conductor, or non-electrics, such as 
this bail, in consequence of its gradual the metals, it moves without any per- 
penetration into the substance of the eeivable obstruction : biit, in glass, 
gum-lac, \ * resin, and« in general, in all. bodies 
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eaUed ^eeince, or mon-eimd»oior$, it to the dbisft ; the resinoas, to the amftl« 

moves with greftt difficulty. Moreover, gam. What remains in each surfoce 

as the phenomena appear to point out undeeomposed continues to be quite 

the existence <^ two distinct kinds of isiert, and has no other mfluenoe on the 

a^ndes, we may further assume that phenomena, than being ready, on the 

there are two distinct species of deotrio continuance of the decomposing action, 

fluid, which we shall, for the present, to fumish a fresh supply of both fluids 

name the vitreoui and the renmu$ to the bodies in the vicmity. 

^leetndHes. They must each have, (44.) DigtribuHon. Each of these 

when separate, the same general proi fluids, being high]^ elastic, their par- 

perties as have already been ^ume<« tides repel one another with a force 

rated ; but, in relation to each other, which increases in proportion as their 

there must be a complete contrariety in distance is less : and tiiis force aets at 

their natures, so that when combmed all distances, and is not impeded by the 

togethior, their actions on the bodies in interposition of bodies of any kind, pro- 

their vicinihr, or on the particles of vided they are not themselves in an 

electric fluid contained in those bodies, active dec^rical state. From the most 

are exactly balanced; and aU visiUe earefol analysis of the phenomena, it 

action ceases. It is in this state of has been deduced that the exact law of 

union, in which they perfectly neu-. this force is the same as thatof^avi- 

tralize one another, that thev exist m tation, namely, that its intensity is in« 

bodies which may be said to be in their Tersely as the square of tihe distance. 

natural Hale with regard to electridty. The mode in which the deetricity 

(42). Thus, then« may the problem imparted to a conducting body, or to a 

be solved, in which it is required system of conductors, is distributed 

to conceive an agent* analogous, in among its different parts, is in exact 

many respects, to other known a^nts, conformity to the results of this law, as 

and to assij^ to it such properties as deduced l^ mathematical investigation^ 

will, in their results, coneroond to all But we reserve the examination of thii^ 

the observed phenomena. In order to sulnect for a future chapter. 

Apply to it this latter test, we must While the particles of each fluid repel 

tniee all the consec^uences whieh flow those of the same kind, tibey exert an 

firom the suj^sitions we have made, equally strong attraction for the particle» 

and strictly compare them with the facts of the other species of electric fluid. This 

both as presents to us by nature, and attraction, in like manner, increases with 

as resulting firom experiment These a diminution of distance, and follows 

fects, it imi be reooUeeted, are redu* tiie same law as to its intensity, nam^, 

«iUe to those of excitation, attraction, that of the inverse ratio ^ the 8(|uare 

and repulsion^ distribution, induction, of the distance. This force, also, is not 

and transference. affected by the presence of any mterven- 

(43.) Es»ei$aHom. From various ingbody. 
causes, of which the firiction of sur* (45.) Tramferemce, Since the two 
faces is one, tibe state ^ union in i^trioities have this powerfVil attrae^ 
which the two electricities naturally tion for each other, they would always 
exist in bodies, is chsturbed; their flow towards each otlier and coalesce, 
latent powers are called forth uf their were it not fi»r the obstacles that are 
separation; the vitreous ^ectricity is c^pposed to their motion by the non-eon- 
impelled in one direction,while^resin« ducting properties of tiectrios. When 
ous is transferred to the opposite side ; these obstacles are overcome, and a free 
and each can now manifest its peou- channel is open for the passage of the 
Bar energies. When accumulated in any electricities, they rush into imion 
body, or part of a body > ^m^ ftuid acts with great force uid velodty, producing, 
in proportion to its relative ciuantity, in tl^ir transit and confluence, seve- 
^at is, to the quantity wlndi ism excess ral remarkable effects. After their 
above that which is stiU retained in a coalescence, their power seems to be 
state of inactivity by its union with at once annihilated, or» more properly 
electricity of the opposite kind. Thus specking, it remains dormant, imtil call- 
when glass is rubbed with a metallic ed into play by the renewed separation 
amalgam, a portion only of the elec- of the fluids. 

tricities at the two surf^uses is decom- (46.) AttraeHon and RepuUioH. The 

pos^ : tiiw vitreous electridty resulting repulsion which is observed to take 

Irom this deeomposition attsushes itseu place between bodies that are msulated 
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&nd ohtu^^ with any one species of lUte, it must re[>el the particles of th« 
electricity, for other bodies nmilarly same electricity in aU surrounding bo- 
charged, is derived from the repulsive dies, and attract those of the oppoiita 
power which the particles of this fluid species r or, in other words, it tends to 
exert towards those of their own species, decompose their united electricities, ac- 
Let us suppose a body chareed with cumulating the electricity of the Oppi>- 
electricity to be suspended in the air, or site species towards the nearest side, 
otherwise surrounded by a non-con- and impelling that of the same species 
ducting medium, which allows it to towards the remote aide. The body 
move freely. As long aa this body re- thus acted upon is no longer neutral, 
mains alone, the outward prescure although it contains, on the whole, its 
which the electric fluid exerts against natural quantities of both electricities ; 
the insulating *medium that confines it, but, in consequence of their partial dis- 
will, by the laws of hydrostatics, be tribution, electrical appearances will be 
equal on all sides ; and uie body, thus exhibited in its different parts. Hie 
balanced bv equd and opposite pres- further prosecution of this branch of 
Gures, will nave no tendency to move, the subject must also be postponed to a 
But if another body, similajl? circum- subsequent chapter, our present otjeet 
stanced, be brought near it, the repul- being merely to point out, in a general 
sive action between the similar electri- way, the coincidence of the fundamental 
cities contained in these bodies, will facts with the proposed theory, 
diminish the outward pressures of each (48.) Thus for we have proceeded 
fluid against the sides of the bodies, upon tiie hypothesis of there being two 
(^> c>Ji?- 6-) whichare a^acent to each distinct electric fluids, having certain 
properties in common, but each being 
Pig. e. charscteriied by a certain modification 

of these properties. It is, however, 

equally possible to account for all the 
phenomena with the same exactness, on 
the supposition of theu: resulting from 
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othermatter, or some spedfie ingredient (51.) The mutual recession of two 
in that matter, with a force following the positively electrified bodies is a direct 
same law of tiie inverse square of the consequence of the repulsion of the re- 
distance ; — that this fluid is dispersed dundant fluids contained in each, which, 
through tlie pores of bodies, and from being attached to the matter by their 
some unknown peculiarify, can move attraetionfor it, impel it in the direction 
through them with various degrees of of their own repulsion. In the same 
facility, according as they are conduc* way the mutual approximation of two 
tors or non-conductors. Bodies are bodies in opposite electrical states is the 
said to be in their natural state with immediate effect of the attraction of the 
regard to electricity, when the repulsion redundant fluid in the one, for the redun- 
of the fluid they contain for a particle dant matter in the other ; and vice 
of fluid at a distance is exactly balanced versd, for this attraction is mutual, 
by the attraction of the matter in the (52.) A difiiculty does, indeed, occur 
body for the same particle. In this when we attempt to apply the theory to 
state thev may be considered as satu^ the case of two bodies which are botnin 
rated wim the electric fluid. Whenever a state of negative electricity, that is, in 
they contain a quantity of fluid greater which there exists in both certain quan- 
than this, they are said to he positively tities of matter unsaturated with electric 
electrified^ or toh&ye positive electricity, fluid. What action does the theory, as 
When, on the other hand, there is a hitherto stated, point out as the result in 
quantity less Chan that required fbr satu- this particular ease ? Plainly none. AH 
ration, the body is said to be negatively those portions of the matter of each 
electrifledy or tohaye negative dectricity. body which are still saturated, together 
In the fonner case, it is the fluid that is with the fluid which saturates them, 
redundant, or in excess ; in the latter, can have, as we have already seen, no 
it is the matter which is left unsaturated effect either of attraction or repulsion, 
that should be considered as the redun- The only active element is the unsatu- 
dant principle. The state of positive rated matter ; but the hypothesis does 
electricity, then, consists in a redun- not assign any action of this matter 
dance of fluid, or in matter that is over- upon other matter at a distance. Yet 
saturated, as it has been termed; that we leam from experience that the bodies,* 
of negative electricity, in a deflciency of under these circumstances, actually 
fluid, or in matter under-saturated, or, repel one another. In order, therefore, 
what is an equivalent expression, in to render the hypothesis conformable to 
redundant matter. In mathematical fact, we are obliged to annex to it ano- 
language, the former condition may be ther condition ; namely, that the parti- 
expressed by the si^ plus ; the latter cles of simple matter, that is, of matter 
by that of minus. In considering the uncombined with the electric fluid, exert 
mutual electrical actions of bodies, the a repulsive action on one another. It 
portions in which ttie matter and the is singular that so acute a mind as that 
fluid mutually saturate each other, need of Frankflli should not have discerned 
not be' taken into account, since their this defect in his own theory, or perceived 
actions, as we have seen, are perfectly that this further condition was abso- 
neutralized : and we need only attend to Intely requisite for the explanation of 
those of the redundant fluid and the the phenomena. Without it, indeed, we 
redundant matter. should be unable to explain the want of 
(50.) Wlien a body contains more action between two neutral bodies ; for 
than its natural proportion of electric the repulsion of the fluids in both bo- 
fluid, the surplus will, by the repulsive dies being balanced by the attraction of 
tendency of its particles, overflow and the fluid in the one for the matter in the 
escape, if such escape be allowed, until other, the remaining attraction of the 
the body is reduced to its neutral state, fluid in the second body for the matter 
When under- saturated, the redundant in* the first would be uncompensated by 
matter will attract fluid from all quar- any repulsion, and the forces would not 
ters from which it can receive it, until it be held in equilibrium, as we find they 
is again brought to its neutral state, really are. 

This ejfflux, or influx, is prevented either (53.) The law of electrical induction 

when the body is surrounded on all is an immediate consequence of the 

sides by substances, through the pores Pranklinian theory. When a body 

of which the fluid cannot pass, or when charged with electricity is presented to 

the body itself is of that nature. a neutral body, the redundant fluid of 
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th6 fomMr «t«rtf a miul»iT« aetton on geiMrallf thamoctoonrenieiit; mmI be« 
fhe fluid in the latter hodf; and if tfaif GauseaeonTernonoftermstfaereTeraeof 
happens to be a conductor, it impeli a that iust now pointed out will in all o ae c < 
certain portkmdTthat fliud tothemaote enable ua to mipply the ei|rfanatioa of 
end of this body, which beeomei at that the tame phenonwnon aootnrding to the 
part positiveh^ electrified; while ita theoiy of bu Faj. As to the qnesti<Hi 
nearer end, which the tame fluid haa which of these two hypotheses ac- 
quitted, is consequenttv in the state of proariies the neaiest to tne real stale of 
negatiye electricity. If the flrst body things, we are sot yet prepared to dia- 
had been negatiyely ekctrifted, its ansa - oiiss the aigunvnts that could enable us 
tuYuted natter would have exerted an to deeide it ; and we nrast, therefimre, wait 
attractive fi>n» on the fluid in the till we can resume the subject in the 
second bodv, and would hare drawn it M^l* 

nearer to iteelf , produding an accumn« The fintiier derelopment of these 

lation or redundance of flmd at the theories, and of the law of induction* 

adjacent end, and a correspondinj^ deft-» in partieukr, must, for the present, be 

ciency at the remote end : that is, tlM po^poned» since they require us to be 

former would have been rendered posi- acquainted with many practical details 

tive, and the latter negative. All this rdating to the accumulation of elec* 

is exact]yconibrmirt)le to observation. tridty, and its management when ap- 

(54.) The phenomena of transference plied to yarious objects of exp^imental 

are easily explicable on this hypothesis : research* 
and they arise from the desbruction of 

the eqmlibtium of forces, which con- ^ ..^ 

fined the fluid to a particular situation Chaptir III. 

"■S'''iSft^.«ofcct«- BlearicalMackine.. 

Slicable by the hypothesis of a double (56.) Th« essential parts of an instru- 

uid, whidi is not explained with ment for procuring large supplies of 

equal facility by that of a single electricity for the purposes of experi- 

fluki, with the condition alreadjr stated, ment, or an eleckiccU machine, as it is 

The explanation by the first is easily called, ate the electric, the rubber, the 

converted into an explanation by the prime conductor, the insulator, and the 

second, bv substituting the expressions machinery for setting the electric in 

of pomtwe and neg^Hve for those at motion. 

vitreous and re»inouM dectridiies ; and (57.) The electric, by the excitation 
considering the action of the latter as (^ which the electricity is to be de- 
arising from the influence of redundant veloped, may be made of various mate- 
or unsaturated matter, to which is rials. Globes of sulphur were employed 
ascribed in the Franklinian hypothesis by the earlier electricians for that pur- 
a similar operation to that of^the resi- pose ; but polished glass is found, on 
nous electricity in the hypothesis of Du fiie whole, to be the most convenient 
Fay. The hypothesis of a single fluid substance. The original form gfven to 
has, it must be allowed, the advantage it by Hauksbee, who was the inventor 
of greater simplicity : but, on the other of the electrical machine, was that of a 
hand, it lies open to the objection of its globe, which he caused to revolve upon 
involving a condition which appears, at a vertical axis. The most convement 
first view, to be at variance with our forms, however, ai« those of a hollow 
preconceived notions of the primair cylinder, or of a flat circular plate, revolv- 
laws of matter, and more especially witn ing upon a horizontal axis. When used 
that of gravitation ; namely, that which in the form of a g^cbe or cylinder, it has 
implies the mutual repulsion of its pai> sometimes been found advantageous to 
tides when void of electricity. line the inside of it with a thin layer of 
When viewed as a mere hypothesis a resinous composition* consisting of 
calculated to facilitate our comprehen- four parts of Venice turpentine, one of 
sion of the phenomena and of their con*- resin, and one of l)ees' wax. lliis must 
nexions, it is a matter of indifference be introduced in sufficient quantity into 
which we employ, for they will either of the inside of the globe or cylinder, and. 
them answer the purpose. In our fu- ^en the ^ass is brought gradually to 
ture explanations we shall, in general, an equal degree of heat throughout the 
adhere to the lan^age of the Frank- melted substances, is allowed to spread 
linian theoiy, as b^ng the simplest, and itsdf over the interior sui&ce^ by tuna- 
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Itig ^ g^obt or c^lindor abont its ftxis. 
The priiint«l use of such a. coating ia 
to improve bsd machines, for it is not 
reqiurad in good ones. 

The ear&er elKtricians contented 
themselves with usii^lhe hand as a 
rubber, till a cushion was introduced 
for that purpose by Professor Winkler, 
of Leipsic. The cushion is usually 
made of soft leather, generally basil 
skin, stuKd wiUi hair or wool, so as to 
lie as hsrd aa the bottom of a chair, 
botyel sufficiently yidding to accom- 
modate itsetf, wiftiout much pressure, 
to the siirfaoe of the glass to whicli it 
is applied. 

(58.) Of eylindric machines, the sitn- 
pleat and most perfect construction is 
that invented by Naime, and which is 
rejiresentedin^^. 9. The glass cylinder 
G M ttom e to IG inches in diameter, and 

fig. 9 



from one to two feet long, siq)ported, for 
the purpose of insulation, on two up- 
right pillars of glass, which are fixed to 
a firm wooden stand. Two hollow me- 
tallic conductors P, N , equal in length to 
the cylinders, are placed parallel to it, 
one on each side, anon two insulating 
pillars of glass, whicn are cemented into 
two separate pieces of wood that slide 
across the base so as to allow of their 
being brought within different distances 
from the cylinder. To one of these 
conductors ri, the cushion is attactoedi 



Mtg (kstened to it b^ flte inMrvntion 
of a bent spring, the purpose of which 
is to keep it equally [»essed against the 
cylinder m every part of its revolution. 
inie pressure of toe cushion is also fur- 
tliM regulated by an adjusting screw 
ad^ted to the woodwi base, on which 
tbe glass ^lar that supports the con- 
ductor is fixed. From the upp«: edge 
of the cushion there proceeds a fli^ V 
of thin oiled silk, which is sewed on the 
Uxx cf the cushion aboat a quarter of 
bi inch frtin its upper edge. Itestenda 
over the upper suriaoe of the giaaa 
cylinder to within an aich Of a row rf 
netEdlle points, proceeding like Sk teeth 
(rf a rahe from a horiiontti rod, which 
is fixed to the a^aoent side of the oppo- 
site conductor P. The motion of th« 
cylinder must always be giv«n in Qia 
direction of the Silk flap ; and it may 
t>e communicated either by a singbi 
handle, or hy a multiplying wheel W, 
Bj in the figisre : the latter produces 
aH»« electricity in the same time, but 
the labour of turning is increased nearly 
iA the same pr(q>ortion. On some ac- 
counts it is more oonyeiiient to place the 
conductor to which the rubbw is not 
attached, atrightan^sto thecyUnder; 
uid this is the plan adopted ia toe com- 
mon decfrical machines. 

(SB.) Ttie conductor P, to which Uie 
rublKr is not attached, is generally 
e^ed ttie priwte conductor, or Uie poti- 
hoe coHduelor, as the electricity with 
which it becomes charged is positive. 
It is a eylindrical tube, each end ter- 
minating m a hemis^ere. Tha« is no 
advantt^ in ils being made of solid 
materials, (br theeiectndtf is contained 
onh at the siufaces. It may be made 
of uiin shert brass, or copper, or tin, or 
of pastel>oard, covered witn gold ieaf or 
tin foil. Care must be taken that its 
surface be fi'ee from all points aikl aspe- 
ritiee ; and the perforationa which are 
made in it, and which should be about 
the size of a quill, for the purpose of 
attaching wires, and other kinds of ap- 
paratus, should have their edges well 
rounded and smoothed off. For the 
more perfect insulation of the conduc- 
tor, it is advisable to apply upon the 
glass pillar wluch supports it, a varnish 
of gum-lac, or of sealing wax. J» ■ 

(60.) The dep^e of exratation pro- 
duced in the glass depends much upon 
the substance employed as a rubb^*. 
Mr. Singer obsaves that diy silk is 
very efficacious, but that the most 
powerful effects are obtained by the use 
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of an amalgam of tin, line, and mer- 
cury, appli^ by means of hog's lard, to 
the surface oflealheroroiledsilk. That 

Eart of the cushion which comes in con- 
ict with the glass cyliniler. should be 
coated with an aroal^ani of this kind, 
spread evenly over its surface, until 
level with the line formed by the seam 
which joins the silk flap to the face of 
the cusliion. No amalgam should be 
placed over tlus seam, nor on the silk 
flap ; which last should be wiped dean 
whenever the continued motion of the 
machine sluU have soiled it, by deposit- 
ing dust or amaleam on its surface. The 
same attention is reijuisite to the sur- 
face of the glass, which often becomes 
covered with black spots and bnes, 
more particularly when the amalgam 
has been recently applied. It is essen- 
tial to remove these as often as they 
are formed in any quantity, since they 
tendto lessen the power of the machine. 
The surface of the amalgamated cushion 



The plate machine, fLg, 1 0, waa ori - 

ginally proposed by Dr. Ingenhoui, and 
as been since much improved by Culli- 
bertson. This machine, in its most per- 






fect form, consists of a circufcr plate of 
' 3, turning on an axis that passes at 



soiled ; for the eidted right angles through its centre : it ii 



glass constantly attracts dust from 
rounding liodies, and this dust is cm- 
lected by the rubber as the glass passes 
it If tne dust is removed after every 
course of experiments, by separating 
the cushion from the n(^tive conductor, 



rw)bed by two pair of cushions, fixed at 

3>posite parts of the drcumference bv 
astic frames of thin mahoganr, whicn 
are constructed so as to press the glass 

iilate between them with the requisite 
orce, by means of r^ulating e 



and gently rubbing its sur&ce, and the A brass conductor F, supported l>y 
surface of the sSk flap, with a dry glass, is fixed to the frame of the ma- 
linen cloth, the machine may tie kept in chine, with its branched extremities 
good order without a frequent renewal opposite to each other, and near the 
of the amalgam; such renewal being extreme diameter ofthe plate, in a direc- 
only necessary when that which has tion at right angles to the vertical line 
been applied becomes irrt^arly dis- of the ojiposite cushions. The branched 
tributed over the cushion, or impreg- extremities of the conductor are fur- 
nated with dust nished with pointed wires, that serve to 
(61.) The amalgam recommended by collect the electricity from the smface 
Mr. Singer, is made by melting together of the excited plate. 



one ounce of tin and two 
zinc, which are to be mixed, while 
fluid, vcith six ounces of mercury, and 
agitated in an iron, or thick wooden _ 
box, till cold. It is then to be reduced 
(o veiy fine powder in a mortar, and 
mixed with a sufficient quantity of hog's 
lard to formitintoapaste. Whenamal- 
gams have a large proportic " "' ' 



(62.) It is not quite determined which 
of these two arrangements affords the 
greatest quantity of electricity from the 
same surface ; but the cylinder is less 
expensive, and less liable to accidents 
tlian the plate, and it appears to possess 
near% eqnal power. 
(G3.) From what has already been 
:plained of the general laws of elec- 



cury, their action is variable and tran- tricity, the mode in wliich these 
sient' The best cement for attaching chines act will readily be understood. 



The friction of the cushion ag^nst the 
glass cylinder produces a transfer of 
electric fluid from the former to the 
latter; that is, the cushion becomes 
negatively, and the glass positively, elec- 

__ . , trifled. The fluid which thus adheres 

1 alternately mixed with the other to the glass, is carried round by the re- 
^.^redients, when thty are in a state of volution of the cylinder ; and its escape 
fonon. is at first prevented by the silk Atip 



the cylinder to its pivots, is made by 
mixing five pounds of resin, one pound 
of bees' wax, one pound of red ochre, 
and two table -spoonfuls of plaster of 
Paris. The ochre and plaster of Paris 
should be well dried, and then added ti 
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which covers the cylinder, until it comes prime conductor, either with his hand, 
to the immediate vicinity of the metallic or through the intermedium of a metal- 
points, which being placed at a small lie rod, or chain, he may be considered 
distance fSrom the cylinder, absorb nearly as forming part of the same system of 
the whole of the electricity as it passes conductors. When the machine is 
near them, and transfer it to the prime worked, therefore, he will partake with 
conductor. Positive electricity is thus the conductor of its charge of electri- 
accumulated in the prime conductor, city, and sparks may be drawn from 
while the conductor connected with the any part of his body by the knuckle of 
cushion, being deprived of this electri- any other person who is in communica- 
city, is negatively electrified. tion with the ground. 

But if both these conductors are 
insulated, this action will soon have 
reached its limit: for when the cushion Chapter IV. 

and its conductor have been exhausted » b-jr.-*- ^^ i?i^*^^r,i A*tm^^*i,.m, ,^a 
of their fluid to a certain degree, they M^^U of El^m^ Attraction and 
cannot by the same force of excitation nepuKion. 
supply any further quantity to the glass. (65.) Having 'obtained, by the elec- 
In order to enable it to do so, we must trical machine, the means of accumu- 
replenish it, as it were, that is, restore lating considerable quantities of elec- 
to it a quantity equal to what it has tricity, we are enabled to multiply 
lost. This purpose will be answered by and extend our observations of the 
placing it in communication with a con- phenomena, and to examine with 
ducting body of large dimensions ; or, more precision their correspondence 
what is still more effectual, by making with the results of theoiy. The effects 
it communicate with the earth, which is of electrical attractions and repul- 
an inexhaustible source of electric fluid, sions may be exhibited much more 
In order, therefore, to supply the prime distinctly, and on a larger scale than 
conductor with a constant stream of with the simpler instruments we had 
electricity, we must destroy the insula- previously employed. The experiments 
tion of the cushion, by placing on the formerly mentioned on tiie alternate 
conductor to which it is fixed, a metal- approach and recession of light bodies, 
lie chain, or wire, extending to the may be repeated with either conductor 
ground. If, on the other hand, we wish of the machine, when chared with 
to obtain negative electricity, by means electricity, and we may note with more 
of the same machine, we must Keep the accuracy the differences which occur in 
negative conductor ini^ulatcd, and con- the rapidity with which the changes 
nect the prime conductor with the from one electrical state to another 
ground, in order to allow the fluid to take place according as the bodies are 
escape from it as soon as it is collected more or less good conductors of elec- 
from the cylinder. The fluid will thus tricity. A pith ball, or a fra^ent of 
continue to be drawn without interrup gold leaf, is very strongly and immedi- 
tion from the negative conductor, as it ately attracted by the electrified con- 
now meets with no impediment to its ductor, and the instant after it has come 
discharge on the opposite side of the into contact with it, is repelled ; but 
machine. it is now attracted by the other Dodies 

That the quantity of positive electri- in its neighbourhood, to which it com- 

city produced in one conductor is exactiy municates its own dectricity, and then 

equfd to that of the negative electricity is again in a state to be influenced by 

in the other, is proved oy the fact that, the conductor, and to be again attracted : 

if the two conductors are connected by a and this alternation of effects will con- 

wore, no sisns of electricity are obtained tinue as long as the conductor remains 

in any of me conductors on turning the charged. 

machine : but if the wire be not con- (66.) These alternate and rapid 

tinuous, but interrupted by short inter- movements are best seen by placing 

vals, a succession of sparks appear at these small bodies between two metallic 

each interval, indicating the passage of plates, placed as in flg. 1 1, the one over 

a stream of fluid from the one side to the other, at a certain distance ; the 

the other of the apparatus. upper one communicating with the 

(04.) A person standing on a stool prime conductor, the lower one with the 

with glass legs is thereby insulated ; ground. If figures of men and women 

'and if, in this situation, he touch the arecut out of paper and placed between 

c 
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the two plates, thejr will exhibit a rapid 
dance* while thev fetch and carry the 
electricity from the upper to the lower 

elate ; or contrariwise, if the conductor 
e in the negatiye state. 

Flg.lh 




(67.) This alternation of attraction! 
and repulsions accompanying the trans- 
ferring electricity by moveable conduc- 
tors, is also Ulustrated by the motions of 
a ball (yi^. 12.), suspended by a silk 
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thread, and placed between two bells, of 
which the one is electrified, and the other 
communicates with the ground. The 
alternate motion of the ball between 
the two bells will produce a continued 
ringing. As thus described, it is a 
mere toy, but the same arrangement 
has been applied to the philosophical 
p\irpose of giving notice of changes 
taking place in the electrical state of the 
atmosphere. 

(68.) The mutual repulsion of bodies 
that are similarly electrified ^ves rise 
to many amusing appearances. The 
filaments of a feather will separate firom 
each other and diverge, when electrified, 
presenting a singular and unnatural 
appearance. A small figure in the 



•hape of a human head, covered with 
hair, when placed upon the conductor 
and electrified, will exhibit the appear- 
ance of terror fi*om the general bristling 
up and divergence of the hair. A lock 
of wool highly charged with electricity 
will, in like manner, swell out to a large 
size, in consequence of the mutual re- 
pulsion of the filaments which compose 
it. On approaching a needle to it, lield 
in the hand, whereby its electricity is 
quickly drawn off, the cotton will sud- 
denly shrink into its original dimen- 
sions. 

' (69.) We have already adverted to 
the effects of fusion in rendering some 
bodies conductors, which in their solid 
state had the contrary property. This 
is the case with sealing-wax ; and ac- 
cordingly, if melted sealing-wax be 
electrified, its particles will tend to 
separate by their mutual repulsion, and 
to draw out into filaments. Let a piece 
of sealing-wax be fixed on the end of a 
wire, and be set fire to, but the flame 
immediately afterwards blown out. 
While the surface of the wax is still 
melted, present it, at the distance of 
some inches, to the electrified conductor, 
a number of extremely fine filaments 
will immediately dart out from the 
sealing-wax to tne conductor, on which 
they will be condensed into a kind of 
net-work resembling wool. If the wire 
with the sealing-wax be stuck into one 
of the holes of the conductor, and a 
piece of paper be presented at a mode- 
rate distance to tne wax, just after it 
has been ignited, on setting the machine 
in motion, a net- work of wax wiU be 
fbrmed on the paper. The same effect, 
but in a slighter degree, will be pro- 
duced, if the paper be briskly rubbed 
with a piece of Indian rubber, and the 
melting sealing-wax be held pretty near 
the paper immediately after it has been 
rubbed. If the paper, thus covered 
with filaments of seahng-wax, be gently 
warmed before the fire, the wax will 
adhere to it, and exhibit permanently 
the result of the experiment. Still more 
beautiful are the appearances produced 
by camphor subjected to a sinular pro- 
cess. For the purpose of obtaining them, 
a spoon, holding a piece of lightS cam- 
phor, must be kept electrified by work- 
ing the machine, while it communicates 
with the conductor ; the camphor will 
then throw out curious ramifications, 
which appear to shoot like those of a 
vegetable. 
(70.) It is on the same principle that 
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Ihe escape of & conducting fluid, wioh initmmenthasobTiouBlynopreUnsioni 
as water, through a narrow aperture, is to being an exact measure of its tnteo' 
promoted by dectrifying it If a small sity. 

metftllie vessel flUed with water be sub- (73.) One of the most delicate in- 
pended from the prime conductor, and struraents for detecting the presence nf 
there be placed in the water one end of electricity is that which was invented 
a glass syphon, with a capillary bore of by Mr. Bennet, and is usually called 
such a diameter as that the water will ihe gold-let^ eltetromeler ; although it 
scarcely drop from it ; upon tmiiing the is, properly Bpeatiing, only an electro- 

2'linder of Uie machine so as to convey scope. It consists {fig. 14.) of two 
ectricity to the vessel and its con- 
tents, the water immediately flows in a Kg, 14, 
stream, and, if the electrical charge 
be very powerful, the descending ourrent 
will t^ seen to separate into several 
branches. 

(71.) If a sponge, saturated with 
water, be suspended from the prime 
conductor, the water will at first only 
drop gradually from the sponge ; but 
when the conductor has become atroDg^_y 
declrified, the drops will fall plenti- 
fully, and, in the dark, will produce 
the appearance of a luminous shower 
of rain. narrow slips of gold leaf, g, suspended 

(72.) Advantage is taken of the re- parallel io each other, in a g-laas cylia- 

Sulsive propertj[ of electrified bodies der, which secures it from disturbance 
«■ the construction of an i'/ecironw/w, by accidental currents of air, and at- 
or instrument adapted to measure the tached to the end of a small metallic 
intensity of the electricity they may con- tube, which terminates above either in 
tun. Henley's electrometer (fig. 13.> aflat surface, S, of metal, or in a me- 
taUicball. Two slips of tin-foil t (, are 
Jtg, 13, pasted to the inside of Uie cylinder, on 

opposite sides, in a vertical position, 
and BO placed as that the gold leaves 
may come in contact with Qiem, when 
their mutual repulsion is sufficiently 
powerful to make them diverge to (hat 
extent. Theseslips of tin-foilierminate 
in the foot of the instrument, and thug 
are in communication wiUi the earth. 
A very minute charge of eleolricily 
communicated to the upper end of the 
tube, is immediately transmitted to the 
gold leaves, which are thus made to 
consists of a slender rod of very light repel each other; but if the repulsion 
wood, r, serving as an index, terminated is such as to make them strike against 
by a small pith ball, and suspended the tin-foil, their insulation ceases, and 
from the upper part of a stem of wood, their electricity is carried off; and 
», which is fitted to a hole in the upper being now rendered neutral, they cease 
Burface of the conductor. An ivory to repel one another, and, collapsing, 
semidrele, or quadrant, q, is affixed to resume their original position, 
the stem, having its centre coinciding (74,) The most perfect electrometer 
with the axis of motion of the rod, for for measuring very small quantities of 
the purpose of measuring the angle of electricity, is the apparatus contrived 
deviation from the perpendicular, which by Coulomb, and to whieli he has given 
the repulsion of the ball from the stem the name of the tortion balance. It is 
produces in the moveable rod. The represented in its simplest form in ^. 
number of degrees which is descrilied 13, and consists of a cylindrical ^a^s 
by the index, affords some evidence of jar, covered at the top by a circular 
the quantity of electriraly with which ^ass plate, with a hole in its centre. 
the apparatus is charged ; though the Through this hele a single fibre of 
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the web of the wHi-wonn descend! to estublinh very satisfactorily the exact 

neariv to the bottom of the jar. and law of variation, both of the attractiT* 

^^ ' and repulsive forces, arumg fi-om elec- 

K. 15. tricity, with relation to the distauMi 

*■ wtuch we have already stated. 

Chaptbr V. 
Ditfribulion of Electricity. 

{11.) Tt had long been observed, that 
the quantity of electricity which bodiea 

I are capable of receivinKi does not follow 
the proportion of their bulk, but depends 
principally upon the extent of their aur- 
&ce. It was found, for instance, that a 

_^ metalhc conductor in the form of a globe, 

*"*""""*" or cylinder, contains just as much elec- 
,caitiei at its lower extremitf * trans- ttidtywhenhollow,asitdoeswhensolid. 
verse needle. This needle conriits of Hence it was evident that the electricity 
either a filament of gum-lac, or a silk resides altogether at the surface, or at 
thread or piece of straw coated with least does not extend equally throu^- 
seatinK-wax. At one end it is termi- out the whole mass of the body. But 
nated by a small pith-ball, and at the It was only by applying to the theoty 
otiier by a disc of varnished [Mper, act- ail the refinements of mathematical in- 
' ii^ merely as a counterpoise to the vestigation, that precise notions could 
buL The upper end of the silk fibre is be formed of the exact distribution of 
affixed to a kind of button having a the electric fluid in bodies of different 
■mall index, and capable of twing turned shapes. The labours of Cavendish, 
round upon a circular plate divided into Coulomb, Poisson, and Ivory, have fm^ 
degrees. One side of the jar is perfo- nished the means of deterinining this 
rated to allow of the insertion of a short problem in eveiy case, however com- 
iiorizontal bar, having a small metaUic pUcated; and whenever a comparison 
sphere at each of its ends, the one being has been instituted l>etween the results 
in the inside and the other on the out- of experiment and of theory, the most 
side of the jar; and the former being perfect agreement has been found be- 
so situated as just to allow the ball oT tween them. Thus all the phenomena 
the suspMided needle to come in eon- of electricity are found to t>e in exai^ 
tact with it in the course of its revolu- conformity with the mectianical conse- 
tion. By turning the button, or the (^uences of the theory: they can be an 
index, the needle may be Inxiu^ht into ticipated with rigorous predsion, and 
tliis, or anv other reqiured position with can even be reduced to numerical cal- 
r^ard to tne ball. It is found by ex- culation in theh minutest details, as 
periment that the angle of torsion of well as in their most intricate coml^a- 
the silk fibre is, within a certain range tions. 

of distance, very nearly in the direct (76.) For tlie purpose of measurii^ 

ratio of the force which axils in pro- the pnmintional quantities of electri- 

ducing the torsion ; and therefore, if the ci^ with which different parts of the 

two balls lie placed in contact by tumii^ same, or of different txKlies are charged, 

the button, and then similarly electn- no instrument is so well fitted as the 

fied. the distance to which they are balance of Coulomb, of which an ac- 

repelled by the angular motion of the count has just been given. What pecu- 

■uspended ball, affords a measure of liarly adapts it for these experiments, is 

the repulsive force nerted. In like its extreme sensibility, by which the 

manner, the distance which the sus- slightest variation in the intensityof the 

pended ball is made to move when it attractive or repulsive force produces a 

IS attracted by the fixed ball, when the very considerable effect in the movement 

two liave opposite electricities, gives of the horizontal needle. In some of 

accurate measures of the attractive the experiments related by Coulomb, a 

forces. Itwas by the employment of this force only equal to the S79th of a grain 

apparatus, in a very elaborate series of was sufficient to make the needle per- 

experimenta, that Coulomb was enabled form an entire revolution round th* 
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circle : the 360th part of this force, we wish to examine, and pass the proof 
therefore, or less than the 100,000th of plane into it till it is applied to the 
a grain, might be estimated by each bottom of the aperture. Care must be 
degree of its angular motion. taken, however, in conducting these last 
In order to apply to the instrument experiments, that the proof plane be not 
only such forces as it is capable of suffered to touch any other part of the 
measuring, and of collecting at the bodyexceptthatof which the electricity 
same time from the different parts of is to be determined^ and not even the 
bodies such minute quantities of elec- sides of the aperture through which it 
tricity as are exactly proportional to is introduced, as such contact would 
those with which they are therasdves entirely falsify the result, 
charged. Coulomb employed, what he The following are among ttie princi- 
cbIIs B. proof plane, which is simply a pal results of these investigations: — 
small circular disc of gilt paper, d, (fig, (77.) In a solid body having the form 
15,) fixed to the exfiemity of a very of a perfect sphere, and charged with 
slender cylinder of gum-lac, and thus positive electricity, the whole of the 
completely insulated. If we wish, then, fluid is, in consec^uence of the repulsion 
to ascertain the proportions in which of its own parbcles, which is every- 
electricity is distributed on the surfaces where directed from the centre out- 
er interior of any particular body, we wards, accumulated in a thin stratum 
first insulate that body as completely at the very surface of the sphere. If the 
as possible, and impart to it a small body be charged with neg^ative elec- 
quantity of electricity by a spark from tricity, the deficiency of fluid wDl take 
tiie prime conductor. We next touch place only in the superficial stratum of 
any of the points on its surface, the matter. 

electricity of which we may wish to (78.) If, instead of being spherical, 

measure, with the little gilt disc, holding the body have any other form, the elec- 

it by the other end of its insulating tricity will still be chiefly confined to 

handle ; then carrying the plane to the tiie surface ; and if it have an elongated 

torsion balance, of wfich the moveable form, there will be a greater charge in 

ball has been previously charged with the remoter parts than in those nearer 

an electricity of the same kind, we bring to the middle. 

it for an instant in contact with the (79.) This result of theory, respecting 

fixed baU. We then withdraw it, and the limitation of electricity to the mere 

the fixed ball being now electrified in surface, is confirmed in the most deci- 

the same manner as the moveable one, sive mann^ by the experiments of 

repels the latter with a force measured Coulomb. A conducting body of the 

by the angle of torsion, at which the form represented by the section,/^. 16, 
moveable ball stops. While the little 

plane and the balls of the balance remain Fig- 16. 
the same, the division of the electricity 
between the little plane and the move- 
able ball preserves the same uniform 
proportion ; and thus the repulsive force 
which results, and which chives off the 
moveable ball, is poportional to the 

<}uantity of electricity with which the had small pits made in various parts of 

httle plane is charged. It has been its surface. They were half an inch in 

proved, by a series of well-contrived diameter, and some of the most shallow 

experiments, that this quantity is ex- were not depressed more than one-tenth 

actly proportional to the quantity of of an inch below the surface. When 

electricity which really exists at the tiie body was electrified, and the small 

Eoint of the body wife whifh it has proof plane applied in accurate contact 

een placed in contact. By applying to the bottom of these pits and depres- 

the same test and method of admeasure- sions, care being taken that it should 

ment to various other points of the body not touch their margin, and then applied 

we are studying, we may determine the to the electrometer, no indication of 

manner in which the electricity is dis- its having received any electricity could 

tributed in all its parts ; for the method be perceived ; whereas the contact of 

is applicable even to the interior of tlie the same proof plane with any part of 

bod5^, if we pierce it with a small hole the even surface showed the latter to be 

terminating at the part whose electricity strongly electrified. 
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(80.) The Mowing experiment of charge of electricity to the cylinder, the 



BioVs contains also a striking practical 
illustration of the same truth. Let a 
(fig, 17.) represent a section of any 
spheroid of conducting matter, suspend- 
ed by a thread which perfectly insulates 
it. Let c c be two caps formed of gilt* 

Fig.M. 



threads and balls of the electroscope 
diverge. Upon taking hokl of the silk 

Fig. 18. 





paper, tin-foil, or any conductor, and 
such that, when united, they accurately 
fit the surface of the spheroid ; and let 
them be also furnished with insulating 
handles of gum-lac. Let there be com- 
municated to the ball, a, any degree of 
electricity ; and then let the two caps, 
held by tlieir insulating handles, be care- 
fully applied to its surface. Upon the 
removal of these caps, it will be found 
that the whole of the electricity has been 
abstracted from the spheroid, so that it 
will no longer affect the most delicate 
electrometer ; whilst the two caps will 
be found, upon acciu*ate trial, to have 
acquired precisely the same quantity of 
electricity which had at first resided in 
the body a. 

We may conclude, both from theory 
and experiment, therefore, that al- 
though, strictly speaking, the electricity 
must reside within the substance of 
conducting bodies, it extends, in fact, 
to a depth so small as to be inappreci- 
able by any known methods of observa- 
tion. 

(81.) The effect of an expansion of 
suifaoe in lessening the intensity of 
electricity, while its absolute quantity 
remains the same, is well illustrated by 
the following experiment mentioned by 
Biot. Fig, 18 represents an insulated 
cyhndcr, a b, moveable round a hori- 
zontal axis, and capable of being turned 
by an insulating handle h. Around the 
cylinder is coiled a thin lamina of any 
metal, c, the end of which is semicir- 
cular, and has attached to it a silk 
thread /. The whole apparatus com- 
municates with an electroscope e, formed 
of two linen threads, each terminating 
in a pith ball. On communicating a 



thread, and unrolling the metallic lamina 
from the cylinder, the balls gradually 
collapse ; thus indicating a diminution 
in the intensity of electrical repulsion. 
If the lamina be sufiiciently long, the 
electrical charge may be spread over so 
great an extent of surface, as to allow 
&ie balls to hang perpendicularly and 
come in contact. But on winding up 
the lamina, the intensity of the electricity 
is restored, and the balls diverge to itie 
same extent as before, allowance being 
made for the small dissipation of elec- 
tricity which may have occurred from 
the contact of the air during the experi- 
ment. 

(82.) In the case of a long and slender 
lamina of conducting matter, charged 
with electrici^. Coulomb found that its 
intensity contmued nearly uniform from 
the middle of the lamina to within a 
short distance from the ends; at that 
part it rapidljr increased ; and at the 
very extremity it became twice as much 
as at the middle part. In a circular 
plate, the electricity is accumulated in 
mudi greater auantities at the circum- 
ference than about the centre ; the in- 
tensities being in the proportion of 2.9 
to 1 : that is, the intensity at the centre 
is nearly one-third of that at the circum- 
ference. 

(83.) If the body be an oblong sphe- 
roid, arising from the revolution of an 
ellipse on its greater axis, the thickness 
of the stf ata of electricity, or, in other 
words, its intensity, at me extremities 
of the two axes, is exactly in the pro- 
portion of the respective axes them- 
selves. It thus appears, that if the 
ellipsoid be much elongated, the inten- 
sity must be veiy feeble at the equator, 
but very great at the poles. A still 
more rapict augmentation of the relative 
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intensity at the extremities takes place evolved in the line which the electricity 

in bodies of a cylindric or prismatic takes. 

form; and the more so as their length (86.) The passage of the electric fluid 

bears a greater proportion to their through a perfect conductor is unat^ 

breadth. Coulomb found by experi- tended with light. Light appears only 

ment that, in a cylinder thirty inches where there are obstacles in its path 

long and two inches in diameter, the by the interposition of imperfect con* 

intensity of the electricity at the ends ductors ; and such is the velocity witii 

was to its intensity at the middle, or at which it is transmitted, that the sparks 

any part more than two inches from the appear to take place at the very same 

extremity, as 2.3 to 1. Pursuing this instant along the whole line of its course, 

train of reasoning, it will lead us to a Thus, if a row of small fragments of 

conclusion of some importance, namely, tin-foil be pasted on a piece of glass, 

that if the conducting substance be fig, 19 and electricity be sent through 
drawn out into a point, the intensity of 

the electricity at tnat point will be ex- Fig, 19. 
eeedin^ly great ; and tnat the point will 
accordmgly absorb and draw into itself 
nearljT the whole of the electricity that is 
contained in the body. This vast con- 
centration of electricity is found actually 
to take place in all points that project 

beyond the general surface. fiiem by connecting one of its ends with 

the conductor of an electrical machine, 

while the other end communicates with 

Chaptee VI. the ground, it will not be possible to 

•f '' ^ currence of the light in the different 
(84.) Wb are next to consider the parts, so that the whole series of lumi- 
condition of bodies during the preva* nous points, if sufficiently near, appear, 
lence of those forces which tend to over-* in the dark, like a vivid and continuous 
set the electric equilibrium, over those line of light By varying tlie an*ange- 
which tend to preserve it. The pressure ment' of the tin-foil, we mav distribute 
exert«l 1^ the electric fluid against the the light in any manner we please, so as 
non-conducting medium, suSi as the to exhibit a brilliant delineation of the 
air, which opposes an obstacle to its figure they represent Even when con- 
escape, is in a ratio compounded of the ducting bodies appear to be in contact, 
repulsive force of its own particles at if the experiment be made in the dark, a 
the surface of the stratum of fluid, and spark is generally seen to pass between 
of the thickness of that stratum ; but as tnem, untess the bodies be pressed toge- 
one of these elements is always proper- ther with considerable force. Hence;^ 
tional to the other, the total pressure a chain appears luminous at each link, 
must, in eveiy point, be proportional to while conveying a charge of electricity, 
the square of the thickness. If this (87.) The longest and most vivid 
pressure be less than the resistance, or sparks are obtained between two con- 
coercive force, as it has been called, of ductors having a rounded form, and the 
the air, the dectricity is retained ; but more so in proportion as they are both 
the moment it exceeds tiiat force, in portions of spheres of large diameter, 
any one point, the electricity suddenly This may be exemplified in a common 
escapes, just as a fluid confined in a electrical machine, vy presenting a me- 
Tessel would rush out if it were to burst tallic ball of large size to that side of 
open a hole in the side of the vessel. the prime conductor which is furthest 
(85.) It is only a certain proportion from the cylinder of the machine. In 
of the whole quantity of electricity in such cases, however, the electricity 
the conducting body that thus suddenly being of weaker intensity, the distance 
escapes ; but the irruption of it is between the conducting bodies requisite 
marked by many very striking pheno- for the transfer of electricity through 
mena, all indicative of the abruptness the air, or what is termed the striking 
and violence with which the change is distance^ is necessarily small. If the 
effected. A sharp snap is heard, ac- ball is of smaller diameter, or the con- 
companied by a vivid spark, and there ductor of a more elongated shape, the 
are evidences of an intense heat being electricity at its surface is of higher 



•4 ELBCTRICnr. 

intensi^.andwUllhereforepau through refracting cmtal, by reflecKon tt the 
a plater exlenl of wr ; the spark is in proper polarizing angle from a polished 
this ease of considerable length, appear- plane surface, or by oblique refraction 
mg ai a long streak of fire ex'«nding through a series of glass plates, 
from the conductor to the ball, and (89.) The brilliancy of the electrical 
instead of being directed towards one spark is proportional to the conductinic 
point, beingdistributedtovariouapoints powerof the bodies between which it 
throughout a certain estent of the BUT- passes. When an impwfect conductor, 
face of the ball. auch as wood, is employed, the electric 

Often, when very lone, the spark is light appears in the form of faint red 
seen to have an angiilar or lig-iag streams ; but metals afford them of 
course, (see /ijf. 20.) exactly like that of great brilliancy. Ite colour is subject 
a flash of hghtning.— This irregulnrity to variation, from « great number of 
different circumstances- Sparks pass- 
P'g- 20. ing through balls of wood or ivory, are 

of a crimson colour; but (his depends 
also upon tlieir position with regard lo 
the surface. If two pointed wires be 
inserted obliquely and in opposite di- 
rections into a piece of soft deal, having 
iheir points an inch and a half distant, 
.but penetrating to diffferent depths below 
the surface, and so that the hne joining 
is probably occasioned by the fluid dart- them is in the direction of the fibres, 
ing obliquely in its course to minute the sparks passing from the one to the 
conducting particles that are floating in other, will exhibit different colours at 
the air, a little removed from the direct different depths ; andifoneof thepoints 
line of passage. Even particles of be inserted deeper than the other, all 
moisture suspended in the air would be these colours will appear at once, ae- 
sufficient to occasion these deviations, cording as the electric light is trans^ 
The presence of such particles will ac- mitted at various depths. Electric 
count also for the appearance of lateral sparks passing from one polished me- 
scintillations, which frequently seem to tallic surface to another are white j but 
diverge from the principal stream of if the finger be presented to an electri- 
electricity. The greater the number of ^^ conductor, the sparks obtained are 
such intermediate conductors, or step- violet. They are green when taken from 
ping-stones.asit nere,fortheelectricity, the surface of silvered leather; yellow 
the more readily will the balance be- whentakenfrom finely powdered char- 
tiveen the forces be overset, and the coal; and of a purple colour when taken 
irruption of electric fluid determined. from the greater number of imperf^ 
) When the air is either sufficiently conductors. If one of the bodies be- 
moistened, or sufficienUy rarefied, the tween which the spark takes place is a 
electric fluid passes (tirough it with green plant, the hght is red ; and the 
comparative facility, and its frack is same is the case with water or ice. In 
indicated by streams of light, probably the vapour of ether green sparks are 
occasioned by many parallol series of seen when the eye is placed close to the 
minute sparks passing from particle to tabe : but they appear reddish when 
particle. viewed at a considerable distance. Even 

(88.) Electrical light differs in no between the same two metallic con- 
respect fi^m the ligTit obtained from ductors the colour may vary from the 
other sources. Dr. WoUaston found most brilliant while to the most delicate 
that, when observed through a prism, violet, according to the distance throu^ 
the ordinary colours arising from the which the electridly is fransmitted, and 
decomposition of li^ht are obtuned ; according to the resistance of the me- 
but tlie prevwling tint of colour will dium which it is compelled to Im- 
vary according to the different sub- verse. In exceedingly ru^ed air, the 
stances throu^ which the sparks pass, colour of the spark is green ; in denser 
or to the nature of the surface from air, it acquires a blue tint, and passes 
which Ihey emanate, or by which they to a violet apd purple, in proportion as 
are received. Qr. Brewster found that the condensation of the air is increased, 
it is citable of undergoing polarization. Transmitted through other gases, the 
either by transmission through a doubly colour varies according to their denaitr. 
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In carbonic acid ^as, the spark is white the same cause. Biot has adopted this 

and vivid ; in hydrogen gas, it is faint opinion, which appears to be more con- 

and red. sonant with philosophical views of the 

(90.) It should be recollected, in subject than any other : for it is certam 

making these experiments, that in pro- that the whole of the electrical light 

portion as the medium is more rare, its that appears is not more than what may 

conducting power increases, and a proceed from the mechanical compres- 

smaller intensity of electricity is re- sion of the air, the vapours, and other 

quired for the production of light In constituents of the medium through 

the ordinary vacuum produced by the which the passage of the electricity is 

air-pump, the passage of electricity is effected. 

rendered sensible by streams or co- (92.) The sound which accompanies 

lumns of diffused light occasionally these various modes of transference is 

varying in their breadth and intensity, subject to corresponding modifications, 

and e»ubiting movements which give dependent likewise, no doubt, upon the 

them a marked resemblance to the co- degree and Uie suddenness of the im- 

ruscations of the Aiu*ora Borealis. After pulses ffiven to the air. The Ml, short, 

rarefying the air contained in a glass and undivided spark is attended with a 

jar, about one foot long and eight inches loud explosion ; the more len^hened 

in diameter, to the 500th part, Mr. spark, with a sharper snap, which be« 

Smeaton placed the jar upon a lathe, comes more broken and rattling in pro 

and caused it to revolve rapidly, whilst portion to the distance it has to traverse* 

at the same time he rubbed it with his Tlie luminous streams produced by a 

hand. A considerable quantity of lam- succession of minute spanks are scarcely 

bent flxme i^peared under his hand, productive of noise, but are accompa- 

vaiiegated with all the colours of the nied only by a faint rustling sound, uke 

rainbow. The light was steady ; but that of a sU^am of wind through a nar- 

every part of it was constantly changing row chink. 

colours. When a very perfect vacuum (93.) A peculiar odour has some- 

is made in a glass cylinder covered with times been perceived in the neighbour- 

a brass plate, the electric stream will hood of an dectrical machine which has 

pass between it and the plate of the re- been briskly worked, so as to emit for 

ceiver of the air-pump, m a continued some time a great number of sparks ; 

stream of the same size throughout its and it has been thought to resemble 

whole length. If a Torricellian vacuum tiiat of phosphorus. This is also i)ro- 

be formed in the upper portion of a long bably owin^ to some unknown chemical 

bent glass tube filled with mercury, and decomposition effected by the electricity 

inverted, by placing the legs of the bent during its passage through the air. 
tube in separate basins of mercury, (94.) We have already had occasion 

when electricity is transmitted through to remark the ereat increase of inten- 

the tube, light is seen to pervade the sity which the Sectric fluid acquires at 

vacuum in a continued arch of lam the extremity of all elongated parts of 

bent flame, without the least diver- conducting bodies ; and the indefinite 

gency. augmentation of this intensity which 

(91.) It was natural to suppose, be- takes place at the apex of all projecting 

fore sufficient consideration had been points. This high intensity will neces- 

bestowed upon the subject, that the sarily be accompanied with a powerful 

light which appears during the passa^ tendency in the fluid to escape ; a cir- 

01 electricity, was actually the electric cumstance which furnishes a natural 

fluid itself, which, at some certain and exact explanation of the rapid dis 

degree of accumulation, was in itself sipation of electricity which takes place 

luminous ; and such was the notion en- from all bodies of a slender and pointed 

tertained by the early electricians. But form. 

since we know that common atmos- The following experiments illustrate 

pheric air becomes luminous by violent these positions. Let the insulated con 

compression, and we must also pre- ductor of a machine be furnished with 

sume that electricity exerts a very sud- a pair of pith-balls, suspended by a fine 

den and powerful pressure upon the wire, and charged with either species of 

air by its passage through that resisting electricity ; the divergence of the balls 

medium, we are certainly justified in will indicate the presence and degree of 

drawing the inference tiiat the same this electricity. If a metallic rod with 

phenomena proceed in both cases from a baU at one end be held in the hand. 
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and (he ball prefenUd to the eonduotor, in a diKction opposite (o that of the 

taking; can not to bring it sufficiently stream ; and this t^ine place at all the 

near to draw a spark, the balls will be four points, the whole system will 

but little affected, and their divergence revolve backwards with considerable 

will continue for a considerable time, rapidity. 

But if the rod terminate in a sharp point, The following ii another fiwm in 

instead of a hall, and the point be pre- which this experimetit may be made. 

aented to the conductor at the same dis- Two wires, (fig.2i.) ara stretched ia 
tance as the ball was in the former case, 

the electroscope will immediately col- Fig, 9i, 
lapse, showing that the electrical ohar^ 
has entirely disappeared : it has, m 
feet, Iwen rapidly drawn off hy th« 
pointed rod. It is quite immaterial to 
Oie success of the enpniment whether 
we affix a point to the conductor itself, 
or whether we present to it a point held 
in the hand ; the escape and dispersion 
of the electricily being equally pro- 
moted by the presence of a point, whe- 
ther the fluid l>e given out or absorbed ; the direotioa of a plane, slightly h 
for it is sesroely necessaiy to remark chned to the horizon, l)etween four ii 
that the very same kind of reasoning sulating pillars. Across these wire 
applies equally to hath the positive and uiother wire is made to rest, term 
negative conditions of electncity. nating by small balis at each end, ai 
(9S.) Currents of air always aocom- having a cross wire flied to it at rigl 
pany the discharge of electnci^, whe- angles, with two bent points, as in tl 
ther positive or negative, from pointed former experiment. When this syste 
bodies ; for each particle of (ur, as soon is electrified, the dispersion of the ele 
as it has received its electricity from tricity fix>ra the points produces a ti 
the point, is immediately repelled by the voluUon of the bars, which makes tl 
body. These currents tend powerfully transverse bar roll up the inclined plan 
to increase the dissipation of the alec- An apparatus consisting of wires te 
tricity, by bringing in contact with the minating in points, and havine bal 
point a conlinuM succession of particles annexed to them to represent the planet 
of air, tiiat are not yet electri.fled, and may be constructed so as to revol' 
are, ttierefore, ready to receive a charge, when el^trified ; and thus to imitate tl 
Many amusing experiments are founded planetary motions. Such an apparati 
on this principle. Let two cross wires, has t>een called an electrical orrery. 
(^.21.) the ends of which terminate in <96.) It should tie ot>served, hov 
ever, that a point loses its power i 
Fig. 31. concentrating and dispersing clectrici 
_ when it is surrounded by other par 
I of the conducting body which a 
y^^ I k equally prominent ; as when it is placi 
^^N^^^ between two balls, or inclosed in a tub 



or when it does not rise alwve the g 



--- -lep 

neral surface of the body. Tlie eSe 
a »milar direction with of one jioint is much diminished evi 
respect to the axis, be supported by bythe vicinity of anotherpoint; so th 
means of a cap upon a fine point, and if several pomts placed near each oth 

-i-.._:ii.3 u__ 1 _i.__j .!.. be presented to the conductor, tlie ele 

tricity is drawn off much less rapidl 



electrified by bemg placed upon the be presented to tlie conductor, the ele 
prime conductor of a machine. Each tricity is d 



the pressurewhich the fluid would have (97.) When the transfer of elect) 

exerted on that side if no efflux had citytakes jiiaceljetweensmoothsurfac 

taken place ; but as the pressure of the of a certain extent, no difference can 1 

fluid on the opposite side of the wire, perceived in the nature and appearan 

in the opposite direction, still operates of the spark, whichever be the positi< 

in ftill force, the wire will be impelled of the negative surface. But in tl 

in the direction of that force, that is, passa^ ot eleotiicity through point 
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the etted is 



iBiderablj modified by projeclile velocity Rs to prevent thdr 

(he species of electricity with which the Bpreading out beyond b. certain distance 

bodies are charged ; or, in other words, from the direct line of projection. But 

Dythedirectioninwhichthefluidmoves. this very velocity will cany the par- 

When Ihe electric fluid is esc^ng out htles that happen to have deviated 

of A pointed conductor, the luminous most, soraowhat beyond the point to 

a]^earance is that of diverging streams, which they are attracted; while the 

as represented in J^, 23 ; forminK attraction to this latter point will tend 

wh«t u termed ^pencil of light, and to deflect them fi-om the line of their 
path, and gradually turn Ihem back, so 

Fig. 23. that they wiil arrive at the point of 



Hence, while in the first case they form 
a diverging cone of rays, in the lattn- 
they must be distributed on all sides of 
the point like the rays of a star. The 
-annexed diagram, fig. 24, will suffi- 
ciently illustrate this explanatioa by 



resembling the filaments of a brush. 
When, on the contrary, the electric 
fluid is entering into (lie pointed body, 
the li^t is much more concentrated at 
the point itself, having a. resemblance 
to a star, in which, if any streams 
appear, they are disposed like radii, and 
equally so in ail directions. An approach 
to these different modifications may be 
remarked whan sparks pass between 
balls of small diameter, especially if 
the charee is high. Thus the direction 
of the lateral ramifications sent out 
fi^m the principal line, in the branched 
spark. Jig. 20, is from the positive to 
the negative surface. 

(98.) In describing the above ap- 
pearances, we have, as usual, referred 
to the hypothesis of Franklin: but if 
we adopt that of the two electricities, 
we have only lo consider the appearance 
of the pencil of light as arising from the 
double current of the vitreous electricity 
issuing from the point, and of the resi- 
nous electricity passing into it : while 
tiie star will be the effect of the irruption 
of the resinous, and the absorption of 
Uie vitreous electricities. But this re- 
markable difference in the phenomena 
produced, according to the particular 
species of electricity with which the 
point is charged, has always been urged 
as a convincing argument in favour of 
the Franklinian theory. They appear 
very sfrongly to indicate the emanation 
of some material fluid from the positive, 
and its reception by the negative point. 
The diverging lines on the one side, and 
thar inflections on the other, represent 
exactly the paths of particles flowing 
out a* from a pipei and mrged forwards 
by a force nlucn gives £em such a 



Fig. 24. 



representing the supposed course of the 
pwticles of electrib fluid, passing through 
the ^ from the positive to the nega- 
tive point. What wei^t the argu- 
ment derived from this phenomenon 
may be allowed in deciding tne question, 
will be discussed in the sequel. 

<99.) The difference which we have 
now described in these two appearances, 
may be employed, on many occasions, 
as a usetU criterion of the species of 
electricity, at least, which is passing 
from one Conductor to another, if not <«' 
the absolute direction of its motion. For, 
if a needle be presented to an electrifled 
body, the appearance of a star on the 
needle will snow that the electricity of 
that body is positive ; while, on the con- 
frary, a luminous brush on the needle 
will indicate that the body is nejjative. 

(100.) The influence of a point pro- 
jecting a short distance from me suriace 
of a body, is greater when that body is 
negative than when it is positive. Hence, 
a spark is more readily obtained in the 
latter case than in the former. 

On this principle an instrument has 
been invented by Mr. Nicholson for 
distinguishing the negative from the 
positive electricity, it consists simply 
of two metallic ImIIs fixed at the ends of 
two curved rods of glass, and moveable 
like brandies on a joint, so as to admit 
of the b^ being placed at difierent 
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from each other, when hdd br fluid accumulated at the remote end, 

a handle proceeding from the joint A will just balance the repulsion of the 

short point prdects from one of the balls fluid in tiie dectric, added to the attrac- 

on the side adjacent to the other ball ; tion of the under-saturated matter, in Ihe 

and this point affords a spark at a near end ; and when this limit has been 

shorter distance when positively, than attuned, the flow of electric fluid from 

when negatively electrified. the near to the remote end of the body 

will cease, and an equilibrium will be 

established. 

Chaptbr VII. (10*2.) Experiment shows the perfect 

Tu^^L,,n^^*^^thMT^M^^^T^^^^ coincidence of theory with the actual 

Deo€XopmentoftheLawofIndwsUtm. ^^^ Let a cyUnder of metal. NP, (see 

(101.) Wx have next to trace the flg.^^f) of some len^h, with rounded 

conse<iuences of that important law of ends, and fUmished in different parts 
electricity which has been called the 

Law of Induction. Fig. 25. 

Active electridty existing in any sub- i" ^ 
stance tends always to iuauce the op- 
posite electrical state in the bodies that 

are near it. Now it is impossible, as 

we have already seen, to mduce one ^ ^^ 
electrical state m any bodv without at 
the same time producing the opposite with pairs of suspended pith-balls, to 
state in the same body, or in the one serve as electroscopes, being previously 
which is iounediately contiguous. Ac- insulated, be placed in the vicinity of an 
cording to the simpler tiieoiy, the accu- electrified globe of glass, E, taking care 
mulation of electncity in any one part that it be not sufficiently near to receive 
can be effected in no other way than by any quantity of electricity by transfer- 
withdrawing it from another part, nor ence. 

can it be abstracted from the one with- We shall find that every pair of balls, 

out being recdved by another ; so tiiat except those situated in a narticular 

there isuways an equal degree of nega- plane Mm, about the middle of the 

tive as of positive electricity, and vice cylinder, will immediately diverge, indi- 

ver^d, in eveiy case. According to the eating the electrical states of the parts 

more complex theory, if we decompose from which they are suspended. Those 

the natmral electricities residing in any at either extremity of the body, n,p, 

body, we must at the same moment ob- divcr^ the most ; and the divergence 

tain equal quantities of both the vitreous diminishes as we approach the middle 

and resinous electricities. It follows, plane before mentioned, at which the 

therefore, that if the bodies subjected to body is in the natiu*al or neutral state, 

the inductive influence are non-conduc- The position of this plane of neutrality, 

tors, although the tendencv to produce Mm, varies according to the distance of 

the opposite electricity still exists, yet the electric, and the relation which that 

in consequence of the immobility of the distance bears to the length of the body 

fluid, it can produce no visible change, itself. If we further examine the species 

In proportion as the body opposes less of electricity residing in the different 

resistance to the passage of electricity, parts, we shall find it to be negative in 

the operation of the disturbing force all the parts nearer to the electric than 

becomes sensible; and in order to fix the neutral plane, and positive in all 

our ideas, let us first take the case of those more remote. We may ascertain 

a positively charged electric, acting by with much greater accuracy these elec- 

induction on an insulated conducting trical states by the employment of the 

body. The redundant fluid in the for- proof plane and electrometer of Cou- 

mer will tend to repel all the fluid con- lomb, than by the pith-balls ; and the 

tained in the latter: a portion of this results are then found to correspond, 

fluid will, therefore, be driven from the ^ith the most rigorous precision, with 

side adjacent to the first body, towards the deductions from the theoiy of elec- 

the remoter side. The adjacent side trical action. 

will thus be rendered negative ; the (103.) These effects, it should be 

remote side, positive. But mis will take remarked, are simply the result of the 

place to a certain extent only : for there action of electricity at a distance ; for 

IS a limit at which tiie repulsion of the they depend upon no other drcumstance. 



■pin % M 



ELECTRICITY, 89 

They take' place in an equal degree distant from that body begin to col- 
whatever suDstance be interposed be- lapse, while those at the nearer side 
tween the bodies which are exertinsthis diverge to a greater degree than before ; 

. action on one another, provided the thus showing the nature of the reflex 
inteiposed substance undergoes no operation of the induced electricity of 
ehan^e in its own electrical state; a the conductor upon tiie body from 
condition which is fulfilled in electrics which the induction origmated. 
only. Thus, induction wUl take place (105.) It should be recollected that in 
•ust as effectually through a plate of all the changes we have thus traced as 
glass, as if no such substance had inter- the effects ofinduction, there has been 
vened. no transfer of electricity from either of 
(104.) Let us now suppose that the the bodies to the other ; as was suffi- 
acting body, E, is, instead of an electric, ciently proved, indeed, by their taking 
a conducting body, a globe of metal, for place equally iFa plate of glass be inter- 
example, charged with positive elcctri- posed. Another proof is afforded by 
city. The primary effects of this globe the circumstance that the mere removal 
on the cylinder will be the same as in of the bodies to a distance from one 
the former case ; but the electrical state another, is sufficient to restore each of 
which the glol^ has induced on the them to thek ori^nal state. The globe 
cylinder will re-act upon its own electri- remains as positively electrified as be- 
city. The negative electricity, that is, fore ; the cylinder returns to its condi- 
the under-saturated matter at the nearer tion of perfect neutrality; nothing has 
end of the cylinder N, exerts a tendency been lost, and nothing gained on either 
to induce positive electricity in the side. The experiment may be repeated 
globe, and more especially upon the as often as we please, without any varia- 
adjacent side, F : that is, it will tend, by tion in the phenomena. But this would 
its attraction for the fluid, to draw it to not be the case if the cylinder were 
that side, and thus render it still more divided in the middle, and one or both 
highly positive than it was before. This of the parts were removed separately, 
can only be done at the expense of the while they still remained under the in- 
other side, O, from which the fluid must fluence of the elobe. The return of the 
betaken, and whichis,therefore,rendered electric fluid from the positive to the 
less charged with fluid, that is, less po- negative end being thus prevented, each 
sitive than before. But this new distri- part will retain, after its separation, the 
bution of the electric fluid in the globe, electricity which had been induced upon 
by increasing the positive state of the it. The nearer portion will remain ne- 
side, F, next to the cylinder, tends to {;ative; the remoter portion, positive, 
augment its inductive mfluence on the " the division had been in tlu^ parts, 
flmd in the cylinder ; that is, to drive the middlepart only would have been 

* an additional quantity of fluid from the neutral. The experiment may be made 
negative to the positive end. Ibis is by joining two or more conductors end- 
foUowedf in its turn, by a corresponding wise, as shown in fig* 26, so that they 
reaction on the globe, and so on, con- 
stituting a series of smaller adjustments, J%. 26i 
until a perfect equilibrium is established " 
in eveiy part. When this has beenf 
attained, the electrical staites will, it is 
evident, be of the same kind as those 
ponsequent upon the immediate actions, 

though somewhat increased in intensity may act as a single conductor when 
by the series of reactions. placed near to the electrified globe, and 
The following experiment is a practi- after induction has thus been produced, 
cal illustration of the preceding reason- removing them separately, ana examin- 
ing. Furnish the metallic globe with in^ their electrical states. If £ be po- 
electroscopes on its opposite surfaces ; sitive, N will be found negative, P po- 
when the ^lobe is insulated and alone, sitive, and M neutral. 
an3r electricity communicated to it will (106.) Another modification of effect 
dittiise itself equally over the surface, will take place when an insulated con- 
and both the electroscopes will diverge ductor, rendered electrical at both ends 
equally But no sooner do we bring by induction, is made to communicate 
near to it a conducting body, than the with another conductor. Let us first 
balls of the electroscope at the side i^ost suppose that a long metallic conductor 







90 ELECTRICITY. 

is brought into contact with the remote will readily become active, if the con- 
end of the first cylinder P, (fir. 25), ductor that has been touched be again 
which has been rendered positive oy in- insulated, and then removed firom the 
duction. The fluid accumulated at this influence of ihe former. This peculiar 
end will now pass irito the conductor, condition of a body, in which its partf 
and will remove to the most distant part are reaUy undercharged or overcharged 
of the conductor. The transit will now with fluid, although, from the action of 
take place before actual contact, and electrical forces derived from bodies in 
will be manifested by the appearance its vicinity, a state of equilibrium is 
of a spark when the bodies are brought established, and no visible efPect results^ 
within the striking distance. The re- has been denominated by Biot, du- 
moral of this fluid to a greater distance guided electricity. 
will occasion a disturbance in the equi- (108.) It is also worthy of remark, 
librium that had before been esta- that if the communication between the 
blished. The repulsion which that fluid insulated conductor and another longer 
had excited, and which had contributed conductor, or the earth itself, be made 
to prevent any more fluid from being at either end of the former, the same 
propc^ed from the negative end N, is effect will result, and the electric fluid 
now considerably weakened by the accumulated at its remote end will be 
greater distance at which it acts ; and carried off by the lon^ conductor, 
more fluid will leave the negative end, although, it will have, in one case, to 
which end will consequently become pass round through the end nearest to 
more highly negative. This change of the body which repels it The opera- 
distribution will a^in occasion a further tion which here takes place may be il- 
effect, bv its reaction on the fluid in the lustrated by ^e motion of a fluid in a 
globe whence the action originally pro- syphon. A repulsive force is acting 
oeeded ; and another series of changes upon the fluid, both in the shorter and 
and adjustments will follow, until a new the longer column ; but with regard to 
condition of equilibrium takes place, the motion of the fluid in the bent chan- 
and then the fluid will be at rest. nel the one force is in opposition to the 
(107.) Thus we learn that the effects other, and the tendency of the fluid in 
of induction on a conductor are aug- the longer column prevailing over that 
mented by increasing its length ; they in the shorter, will draw off the latter, 
would, therefore, be greatest of all, if round the bend of the supposed syphon, 
we could give it infltiite length : but the Thus in the bent conductor A N t* ( /^, 
same condition is attainable by placing 27,), the repulsion exerted by' the fluid 
the conductor in communication with in E for that in the longer column N P, 
the earth, which will accordingly carry 

off all the fluid which the electrifted Fig* 27. 
body is capable of expelling from the 
nearest end. Accordingly, if we touch 
with the finger, or with a metallic rod 
held in the nand, the remote end of an 
insulated conductor .under the influence 
of induction, we obtain a spark, more 
or less vivid according to the intensity being greater than ita repulsion for that 
-of the electricity so induced; and the in the shorter column NA, the fluid in 
conductor so touched has now only one A will be carried over the bend N, not- 
kind of electricity, namely, the one op- withstanding its tendency to move from 
posite to that of the electrified body N towards A. 

which is acting upon it The part (109.) We have hitherto supposed 

touched is brought into a state, in which the acting body to be positively electri- 

it appears to be neutral as long as it fied ; but precisely the same effects 

remains in the vicinity of the electrified would happen with regard to degree, 

body ; because the actions of the re- although opposite as to the species of 

dundant fluid, and unsaturated matter electricity, if it had been negatively elec- 

in the two bodies, exactly balance one trified : and the same explanations will 

another. But it all the wmle really con- in every respect apply, witn the requisite 

tains less fluid than its natural share, in substitution of the terms negative for 

consequence of the repulsive tendency positive, and of attraction for repulsion, 

of the fluid in the body which produces and vice versd. A littie reflection will 

the induction; and this negative state also easily show the application of th« 
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theory of the double electricities to ex- desi|piated by the tenn tHiguised elec' 

plain the same phenomena. tnaiy, 

(110.) Another consequence of the (112.) In proportion as the interrup- 

induction of electricity must not be oyer- tions to the continuity of the line of 

looked, namely, that the bodies between conductors are more numerous, the 

which it takes place^ necessarily attract more nearly will such a system ap- 

one another : for the action of me adja- proach to uie condition of an imper- 

cent sides F and N {fig* 25), which are fectly conducting body. The same prin- 

brought into oppdsite electrical states, dple admits of being extended, with 

is greater tiiah the action of those sides some modifications indeed, to the con- 

which are in the same electrical states, stitution of electrics thenlselyes, as we 

F and P, and which are more distant : shall haye ooeasioH to notice in the 

hence the attractiye force always exceeds sequel, 
the repulsive. We haye already seen 

that tiiis circmnstance sufficienfly ex- OHAPf SR YIIL 

plains the fact that conducting bodies, ^ ^ j x- j* nr ^ * u l 

preyiously neutral, are attracted by Accumulatum of Elecinciiy by 
electrified bodies. Another fact, which Jnduction. 

appears more singular, and which can- (113.) Thr most important application 

not be accounted for on any other prin- of the principle of induction is that by 

ciple, is also a direct consequence of which a vast accumulation of electricity 

the law of induction. If a small body is obtained in a small space, while its 

weakly elecbified, be placed at a dis- intensity, or tendency to escape, is at 

tance from another and a larger body, the same time rendered exceedingly 

more highly charged with the same small. This condition exactly corre- 

species of electricity, it will, as usual, spends to that which has been termed 

be repelled; but there is a cei*tain disguised electricity. 
distance within which if it be brought, (114.) Let two circidar metallic plates 

attraction will take place, instead of re- P and N ifig, 28), be placed the one 

pulsion. This happens in consequence immediately over the other, but sepa- 

of the inductive influence producing so rated by a non-conducting medium, such 

great a change in the distribution of as the air, or, what is still better, a plate 

electricity, as to give a preponderance of glass. Let the upper one P, commu- 
to the attractive forces of the adjacent 

parts of the two bodies, over the repul- Fj^^ 28. 

sive forces that take place in the other 
parts, and which would have alone 
acted if the fluid had been immoveable. 

(HI.) From the principles now laid 
down, it will be easy to understand how 
induction may operate through a suc- 
cession of conductors, which are all of 
them insulated, except the last; and 
which are separated from each other by 
distances greater than that at which a 

transfer of electricity would take place, nicate, by a wire M, with the prime con- 

If, under such circumstances, the first be ductor of the electaical machine ; and 

electrified, alternate states of opposite let the lower one N, be insulated by 

electricities will be produced in the two resting upon three glass supporters, 

ends of each conductor in succession. Let P be charged with a certain quan- 

In all Uie ends nearest to the first body, tilr of electric fluid. The fluid natu- 

the electrkjity will be of the opposite rally contained in N, will be repelled by 

kind to that with which the first has the fluid in P, and will quit the upper 

been charged ; in the other ends it will surface of N in order to occupy its lower 

be of the same kind as that of the first surface. When this change nas taken 

body. The vicinity of these opposite place, let N be touched by a wire W, 

electricities will tend powerfully to re- establishing a communication between 

tain them in that condition, and will it and the ground. All the fluid which 

diminish their electric action on sur- was accumulated in the lower surface 

rounding bodies. A large portion of of N, will be carried off by the wire^ 

the electricities so arranged and re- and the whole plate will thus be nega- 

tainedf is, therefore, in the condition tive, or undercharged with fluid. The 
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redundant matter in N will, hy 'At at- enc« to fluid in the wire M, however, 

traction for the fliud, dimw more of it the action of the redundant fluid in P, 

into the npps plate, whid) will be lup- is not balanced b; that of the unsatu- 

plied bom the conductor of the ma- rated matter in N, which latter is both 

chine throufA the wire M : and inch weaker in itself and more distant. Thus, 

an additions quantity will be aocumu- wbde N is neutral with reipect to the 

lated in P, ai will bafanoe the increaaed conductor! which touch it, P ii in a 

attraction of the matter inN, and main- sli^t dwee active, in consequence ot 

tain it at the tame intenai^ as the fluid thu Bmall preponderance of force, and 

in the prime conductor. That thii ia a portion of its fluid tends to escape, 

what really hajipena will be rendered Hence, if N be <«da insulated, br 

evident by plaemg an electroscope upon removing the wire W, and the wire II 

the prime conduclur ; for the moment be now made to communicate with the 

tlw plate N communicatei with the ground, this portion of the fluid h " 



ground, the iMdli of the electroscope will pass off W it ; but not any lai^ 
ColluMe, showing that the intensi^ of quanti^, for the remaining portion if 
le fluid in the prime conductor is sud- retained by the attraction of the uj 



denly reduced by the great quantity turated matter in N. P is, by this loss, 

that has been absorbed by the plate P. rendered neutral, as N had before been, 

^e machine must now again be set in and it now no longer acts on the fluid 

motion, in tnrder to supply the electri- beyond it in M. Tlie influence of P on 

city which has been uius abstracted that fluid is greater than that of N in 

from the conductor. The operation of respect to i^ greater vicinity, but less 

each plate on the other may be oon- in as far as regards the intensity of 

riderel as that of increasing its electri- action, and the compensation is exact, 

cal capacity, or of rendenng a large But under these cffcumstances, N, 

proportiDn of its electricity latent or which was before neutral, becomes in 

disguised. its turn active, and now that the repul- 

(115.) It is evident that the quantity sion of the fluid in P is diminished, will 

of electric fluid driven out of the lower absorb a certain quantity of the fluid ai 

plate by the action of the fluid in the soon as it is touched by W, alter P has 

upper one, can never be ^uite equal to been again insulated. By this contact, 

that of the fluid with which the upper N is again restored to the neutral state, 

one is itself charged, and the difference a fresh portion of fluid in P is released 

will be neater in proportion to the dis- tcom the attraction of N, and P is again 

tance of the plates. When they are active. By repeating these alternate 

very dose to each other, these two quan- contacts a sufficient number of times, 

titles approach veiy near to an equally ; we gradually deprive the plates of th«r 

and thu (nrcumstancc it was that mis- whde charge of elecbici^ ; alternately 

led Franklin into the belief that th^ imparling small portionato the negative 

were actusJJy equal. plate, and taking away the like portions 

(116,) Ae capacity for aceumula- mmi the positive one, until tn^ are 

ting electricity corresponding to a ^ven both brought to their natural unelectri. 

intenslW in the umiei plate depends fied state. The quantities of fluid which 

upon the distance oetween the plates, arc thus successively added and ab- 

provided always that the intervening stracted were found, by the calculations 

electric opposes a sufficient obstacle to of Laplace, to be in ceometiical pro- 

the direct transfer of the electricity gression. 

from the one to the other; and is in (H?.) The moat convenient mode of 

■ome inverse ratio to that distance, obtaining the accumulated electricity 

The lower plate, N, which comraunl- arising from induction is by the employ- 

cateswith the ground bythewireW, mentofcootarf^fa**, that is.of aplateof 

although strongly negative, is rendered, glass, on each side of which is pasted a 

by the vicinity of the fluid in the upper sheet or coating of tin-foil. Clare must 

plate P, neutral with respect to flmd in be taken to leave a sufficient margin of 

the wire W ; that is, the attraction of glass uncovered by the metal, for pre- 

its unsaturated matter, although nearer, venting the transfer of electricity from 

is exactly balanced by the repulsion of the one coating to the other round the 

the redundant fluid in the upper plate, edge of the glass' and all sharp angles, 

which, althoughreal!ystronger,is, from orragged edges m the coatings, should 

the greater distance at which it acts, be avoided.astheyhaveagreattendency 

only equal to the former. With refer- to dissipate the cW^. 
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(118.) The following experiment of 
Professor Richman, (the philosopher 
who fell a s£u;rifioe to his zeal for elec- 
trical science by a stroke of lightning 
firom his apparatus,) is very instructive. 
Let a pane of glass placed vertically, 
and seen edgewise in fig, 29, be coated 
on both sides, and furnished with two 

Fig. 29. 





small electroscopes, p, n, consisting of 
two pith-baUs, one attached to each of 
the coatings. Let the coating P be 
charged positively, while the coating N 
is m^e to communicate with the ground. 
The electroscope p will stand out from 
tiie plate, and n will hang down close 
to its coating, as long as N communi- 
cates with the ground. But in propor- 
tion as P loses electricity by gradual 
dissipation in the air, the ball p will 
gradually, but very slowly descend. If 
we now msulate ^9[, p will fall down at 
first very speedily, and then more 
slowly, tiU it reaches q, about half its 
first elevation. The ball n will at the same 
time rise to nearly the same height ; 
the angle between tiie two electroscopes 
continuing nearly the same as at first. 
When n has ceased to rise, both balls 
will very slowly descend, till the charge 
is lost Dv dissipation. If we touch N 
during this descent, n will immediately 
fail down, and p will as suddenly rise 
nearly as much; the angle between 
tiie electroscopes continuing nearly the 
same. Remove the finger &om N, and 
p ^ill fall, and n rise, to nearly their 
former places ; and the slow descent of 
both will again recommence. The same 
thing will happen if we touch P, p will 
fall down close to the plate, and n will 
rise to m, and so on ; and this alternate 
touching of the coatings may be repeated 
some hundreds of times before the 
plate is entirely discharged. If we sus- 
pend a crooked wire, bent, as shewn atW, 
{fig. 29,) having two pith- baUs, from an 
insulated point, s, above the plates, it 
will vibrate with great rapidity, the 



balls striking the coatings alternately, 
and thus restoring the equilibrium by 
steps ; each contact being attended by 
a spark. 

(119.) If, instead of this gradual 
discharge, a direct communication is 
made between the two coatings by a 
metalUc wire extending from the one to 
the other, the whole of the electric fluid 
which was accumulated in the positive 
coating rushes with a sudden and violent 
impetus along the conductor, and passes 
into the negative coating, thus at once 
restoring an almost complete equili- 
brium, and rendering every part very 
nearly, though not absolutely, neutral ; 
for as there must always be some slight 
diiference in the quantity of electrical 
charge in the two coatings, where one 
of them is in communication with the 
ground, there must always be a certain 
excess, however minute, of electricity, 
after the balance has been struck. 

(120.) This sudden transfer of a large 
quantity of accumulated electricity is a 
real explosion ; it gives rise to a vivid 
flash of Ught, corresponding in intensity 
to the magnitude of the charge. The 
effect of its transmission is much greater 
than that of the simple charge of the 
prime conductor of the machine; for 
while the latter gives a spark only, the 
former imparts what is called an electric 
shock, and the sensation it produces 
when passing through any part of the 
body is of a pecuhar kmd. We shall 
describe their effects in a future chap- 
ter; at present we must confine our 
attention to the purely electrical condi- 
tions of the phenomenon. 

(121.) The presence of the coating is 
not absolutely essential to the charge 
and discharge for the two surfaces of the 
glass plate; for if the glass be fur- 
nished with moveable coatings, and 
charged in the usual manner, upon re- 
moving the coatings (taking care that 
they be touched only by electrics,) the 
greater part of the electricity will be 
found to have attached itself to the sur- 
faces of the glass plate, where they are 
retained by their mutual mductive in- 
fluence. In this state the charged plate 
of glass may be gradually discharged 
by making a communication between 
its several parts in succession. It can- 
not be discharged at once, for want of a 
common intermedium for the simulta- 
neous transference of the electricity of 
the different parts of the surface. But 
if this be supplied by replacing the 
former coatings, or adding new. ones 
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the complete diidwrge may be effected grMped the outride of the jw: a rod of 
M tiefore. loetal wu employed to conununioate 
(123.) By peculiar manBgement a the charge from the prime conductorof 
charge may oe given to a plate of glass the machine to the inner ooating. On 
independently of any coadne whatever, making a communication between the 
For this parpose, it must be held by exterior and interior coatings, by mean* 
one comer, and pawed before a ball, of a circuit of conducting ■ubstances. 
connected wiUi the prime conductor of the discharge took place, and the shock 
a machine, lo that it may successively made to pass through the ctfcuit thus 
come in contact wilh every part of the formed. This instrument having been 
middle of the plate of glass, while the made known principaUy through the 
finger, or any conducting body commu- eiperimenU of Kleisl, Cuneus, and 
nicatine with the ground, is held oppo- Muschentiroeck, at Leyden, the name ■■ 
site to it on the other side. Thus the of the Leyden phial, or jar, was gene- 
glass will be charged, and wiU be in the raUy applied to it It is at present ctm- 
same state as the glass from which the structnl as shewn in fig. 30, by apply* 
coatings had been removed. 

(133.) We oRen find, a short time F!g.3C, 

after the discharge of coated glass, that 
it has acquired spoDtaneoiuly a small 
charge, producing a faint spark when a 
second communication is made between 
the coatings by the discharging wire. 
This, which is called thereiidual charge, 
arises from two causes : first, a portion 
of the electricity adheres to the im- 
coated surface of the riaas: and se- 
condly, another part has penetrated 
from the coating for some Uttle d^)th 
bdow its surface. Both these portion* 
slowly return to the coolings after they 

have been deprived of their ori^nal ing coatings of tin-foil on both »des of 
charge, and give it a fresh charge, the jar or bottle, leaving a sufficient 
When a very lai^ extent of coated space uncovered at its upper part to 
glass is employed, this residual charge tecureit from the risk of a spontaneous 
may even amount to a consideraue discharge, which might take place if 
quantity, and the experimenter should the coatings were not separated by a 
be cautious not to expose himself to sufficient interval. A metaUic rod, rising 
the shock which he might thus receive, two or three inches above the jar, and 
if he inadvertently touched the appa- terminating at the top in a lirass ball, 
ratus before he had properly discharged which ia onen called the/mob of the jar, 
it. Iliat charges are capable of pene- is made to descend through the cover, 
trating even through the entire uiiok- till it touches the interior coating. It 
ness of the gla.is is proved by the is through this rod that the charge of 
curious fact, ihat a coated, oyUndrical electricity is conveyed to the inner coat- 
jar may be discharged merely by keep- ing, while the outer coating is made to 
ing up for a sufficient lime a continu- communicate with the ground. We 
ance of the minute vibrations excited have already seen, that if this last con* 
by rubbing it with the finger, or by dition be not observed, the inner coating 
making it ring. A discharge may also can receive no charge, and oidy a feeble 
be effected by heating the glass, which mark will pass from the eoiuluctor to 
renders it a conductor of electricity. the knob. 

(134.> The most convenient form for (12S.) The outer coating may be 
coaled glass for experimental purposes, made to communicate with the ground 
is that of a cyhnder or jar. Intheear- by holding it in the hand; and on pre- 
lier periods ef electrical research, jars senting the knob of the jar to the prime 
were filled with water, mercury, or iron conductor when the machine ia in mo- 
filings, which furnished the interior tion, a succession of Sparks will pass 
coating, while the exterior coating was between them, while at the same time 
suppUed either by water, in which the nearly an eq^ual quantify of electricity 
. jar was immersed, or by the hand of will be passing out from the exterior 
the operator, who for that purpose coaling, through the body of the person 
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who hoMs It, to the gromid. If, instead forming a commimicaHon between the 
of this, the jar be piaced oa an insulat- caler coating and the prime conductor, 
ing stand, and a ball of metd, or the while the knob is made to communicate 
knuckle of (he finger, l>e held n*ar the with the ground. The only difference 
outside of the jar, we have evidence of is, that the outer coating would then 
the escape of the electric!^ from the be active and the inner one neutral ; 
Utter by a succession of sparks simul- but these conditions would again be 
laneous with those that occur between reversed as soon as the knob was dis- 
the prime conductor and the knob of connected with the ground, and the 
the jar. outer coating touched with the hand. 

(126.) If. instead of touching the (I2S.) If two jars, the one charged 

outer coating of a jar supported on an positively, the other negatively, be 

insulating stand, we bring into contact placed on two separate insiiating 

with it the kni:^ of a second jar, of stands, and their knot>s then connected 

which the outer coating communicates by aconductor, which is itself insulated, 

with the ground, as ^ewn in Jig. 31, no explosion will (akefplace, although 

the two coatings, which are thus tirougbt 

i^. 31. into communioition, are in opposite 

electrical states. But if the two outer 

coatings be at the same time connected, 

an explosion will take place, and both 

jars wdl be discharged. 

(129.) Since the susceptibility of re- 
ceiving a charge depends upon the 
proximity of the metallic surfaces, while 
the passage of the electricity from the 
one to the other is interrupted by the 
interposition of a non-conducting sub- 
stance, it is evident that, in the con- 
struction of the Leyden jar, the thick- 
ness of Ibe glass is an unportant con- 
sideration. The thinner the glass, the 
greater will be the power of taking a 
the eleotricify which is expelled fi-om chatge; but the power of retaining the 
the outer coating of the first jar passes charge will be less, on account of the 
into the inner coating of the secondjar, dimmished resistance which the glass 
and thus both jars are charged. Ihus will afford to the passage of the elec- 
may charges be given to a succession tricity through it If the charge be 
of jars, so placed as that the inner higher than what the jar will bear, the 
coating of each shall communicate with glass will be broken by the viulence with 
the outer coating of the one that pre- which the electricity forces a passage 
cedes it in the series; taking care that through its substance. Muscovy tak, 
T coating of the last jar com- even mvery thin laminie, resists much 
es with the ground. All the better than glass, and is, therefore, ca- 
jars will be found to be charged in a pable of receiving and of retaining a 
similar manner. It is evident, however, much higher charge. Another hniit 
that the charge must diminish in in- to the chatge which a jar is capable of 
tensity as it is conveyed from each jar retaining, arises from Uie liability of the 
to the next, because the quantity of elecfricity to pass from one coaling to 
electricity which is expelled from the the other, round the edges of the glass, 
exterior is never quite equal to that (130.) These spontaneous discharges, 
wtuch passes into the interior. as they are called, are facihtated by the 

(127.) For the sake of greater dis- deposition of moisture on the glass, 
tinctnesBwehave all along supposed the forming a chain of conduciing particles 
interior t){ the jar to be charged with in the very line which the electrici^ 
positive electricity, but the very same has a strong tendency to lake. Hence, 
effect would take place if the knob of it is a requisite precaution to keep the 
the jar were charaid negatively by com- apparatus in as dry a state as possible; 
munication with the negative conductor, and the deposition of moisture may be 
A similar change in the electrical state guarded against most effectually by 
of the coatings would result from placing covering the uncoated part of ttie glass 
the Jar on an insulating stand, and then with a layer of sealing-wax, or other 
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resin Dus varnish. The liauid should be of tin- foil and hard varnish form also a 

applied with a flat, camel-hair pencil, very compendious battery. It admits 

the glass being previously warmed. of a surprising accumulation, without 

On the other hand, it is a curious shewing any vivid electricity ; but it 
circumstance, that there is a degree of must be used with more caution, lest it 
humidity in the inside of the jar, not should be spoiled by a spontaneous dis- 
only compatible with a high charge, but charge, in which case we cannot disco- 
which even contributes to retain it. ver where the flaw has happened, and 
This effect was accidentally observed the whole is rendered useless, 
by Mr. Brooke, and afterwards by Mr. (132.) By combining together a suffi- 
Cuthbertson, who states that a jar will cient number of jars we are able to 
take a much greater charge, namely, accumulate an enormous quantity of 
one- third more, if its inside be consider- electricity : for this purpose all the in- 
ably damped bv blowing into it with the terior coatings of the jars must be made 
mouth througn a tube reaching to the to communicate by metallic rods, and a 
bottom. The explanation of tnis re- similar union must be established among 
markable fact has been given by Pro- the exterior coatings. When thus ar- 
fessor Robison on the principles for- ranged, the whole series may be charg- 
merlv explained, namely, that there is ed, as if they formed but one jar ; and 
no electric intensity so great, but that it the whole of the accumulated electricity 
may be insulated by the least imperfect may be transferred from one system of 
conductor, provided the latter be long coatings to the other, by a general and si- 
enough, ana so constituted as that the multaneous discharge. Suchacombina- 
intensity of the electricity it contains ' Hon of}arsisc9X[^9n ElectriccU Battery, 
shall diminish by sufficiently gentle gra- (133.) It is evident, that an apparatus 
dations. An uniform dampness, in- of this kind, consisting of a great number 
deed, will not do this ; but it will dimi- of parts, must be more liable to derange- 
nish the abruptness of the variations of ment than a single jar : for if any one 
intensity, and thus give security a^inst of the jars should happen to break by a 
a spontaneous discharge. A similar spontaneous explosion, the whole battery 
protection against the breaking of the would be rendered useless, until the 
glass is afforded by plfl^ing a layer of broken jar be removed. It is prudent, 
paper between the glass and the tin-foil, therefore, to secure the adjacent jars 
and making it extend also an inch be- from actuaJ contact, by fixing them in a 
yond the coating. box having thin partitions ; the coated 

(131.) Glass Dalloons of a spherical bottoms of the jars resting on a trellis 

shape, being of more uniform thickness of wire, or on a sheet of tin-foil, which 

than jars, would be much preferable for may establish a general communication 

the construction of an apparatus of this between them ; while the rods from the 

kind, were it possible to apply an uni- interior coatings are connected above by 

fornj coating to the inside. Professor cross wires, having balls at their ex- 

Robison recommends the following con- tremities in order to obviate the dis- 

struction for a portable jar, which he sipation of tiie electricity. On the other 

found to answer exceedingly well. A hand, by limiting the communications to 

long-necked phial was made of sheet a certain number of jars, we have it in 

tin. and then coated entirely on the out- our power to charge only a part of the 

side with fine sealing-wax, one thirtieth battery, without employing the whole, 
of an inch thick. The sealing-wax was 

then coated with tin-foil, all but the Chapter IX. 
neck. It is evident, that the wax here Management of Electrical Jar» and 
acts the part of the glass in the common Batteries, 
jar, the tin plate corresponding to the (i34.) For the purpose of making the 
inner coating and wire, and the tin-foil direct communication between the inner 
to the outer coating. The dissipation and outer coating of a jar or battery, by 
is almost nothing if the neck be very ^.^ich a discharge is effected; the in- 
small ; and it only requires a little cau- strument shown in Jig, 32, and which is 
tion to avoid bursting by too high a ^^ oo 

charge. Even this may be prevented ^' 

by coating the sealing-wax so near to " ■" 

the end of the neck, that a spontaneous 
discharge must happen before the accu- 
mulation is too great. Alternate layers 
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called the Diicharging Rod or Jointed sists of a wooden stand with a socket 
Discharger, maj- be conveniently em- fixed in its centre, to which may be 
ployed. II consists of two bent metallic occasionally adapted a small table T, 
rods, terminated at one end by brass having a piece of ivory (wtuch is a non- 
tialls, and connected at the other by a conductor) inlwd on its surface. This 
joint, which is fixed to the end of a glass table may be raised and kept at the 
handle, and which, acting like a pwr of proper height by means of a screw S. 
compasses, allows of the balls being Two glass pillars P, P are cemented 
separated at different distances. When into the wooden stand. On the lop of 
opened to the proper degree, one of the each of these pillars is fitted a brass 
balls is made to touch the exterior cap, having a ring R attached to it, and 
coaling, andtheotherballisthenquickly containing a joint, moving both verti. 
Irrougnt into contact with the knob of cally and horizontally, and carrying oii 
the jaj", as represented in/^. 33, or with its upper part a spring tube, admitting 
Fig. 33. a brass rod to slide through it. Each 

of these rods is terminated, at one end, 
either by a ball, a point, or a pair of 
forceps, and is furnished at the other 
extremity with a handle of solid ^aas. 
The body through which the charge is 
intended to be sent, is placed on the 
table, and the sliding rods, which are 
moveable in every direction, are then, by 
means of their insulating handles, 
brought in cohtact with the opposite 
sides, and one of the brass caps being 
, , ,, , , „ ... first connected with the outside of the 

any pait of the system of the mtenor j^ or battery, the other may be brought 
coatmes.andlhusadischargeiseffected; \n communication with the hmer coat- 
whiletheglasshandlesecuresthe person i,™ ^v means of the discharging rod 
holding It fixtm the effects of the shock, g^ye /escribed. For some experiments 
(135.) If we wish to send the whole ^ jg more convenient to fix the sub- 
chai^ of electricity through any par- ^x^^ on which the experiment is to 
ticular substance which may be the bg ^^^ ;„ a mahogany frame, con- 
subject of experiment, m must so ar- ^^^^^ ^^ two boards, which can be 
nmge the connecting conductors, as passed together by screws, and which 
that the substance shall form a neees- ^^j, (hen be substituted for the table 
sarypartofthe«7-CBi(o/(A«rf«c(nCT(y, -j./ i„ either of these ways the charge 
as It IS termed. With this view, we ^^ ^e directed through any part of the 
must place it between two good con- substance vrith the greatest accuracy, 
duetors, oneofwhiehisin commumca- ,,37_) The quantities of electricity 
tion with the outer coaUng; and the „hich can be accumulated in any given 
circuit may then be completed by con- g^g^t „( coated glass, are in the inverse 
necting the other conductor with the proportion to the thickness of the glass, 
mirei eoatu^ by means of a discharging Jjifferent jars or batteries, therefore, 
rod, to one branch of which, if neees- y^n according lo the thinness of their 
saty, a flexible chain may be added. ^^^^ ^^j ,he quantity of coated surface 

(136.) In order to direct the charge ^^ contain, have different capacities 
with more certainty and precision, an ^f tolding chaiges of electiicity. But 
apparatus, called the Umversal Dts- ;„ ^ny given insbTiment of this kind, 
cftar-fw, was contrived by Mr. Henley, thequaniityofthechargecommunicated 
Mid is represented m y^. 34, It con- („ ;( ^y a machine may be measuied by 
Fig. 34. (lie intensity of the electricity in the 

prime conductor, which communicates 
with the interior coating. Some esti- 
mate of the intensity may be obtained 
S,- the employment ofHenley's quadrant 
eclrometer abeady described, {{ 72,) 
the index of which rises very slowly 
while the battery is charging, till it 
reaches a cert^n devation, correspond- 
ing to the capacity of the battery. K 
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the eteotrtntr be ^cumulated beyond 
this limit, a spontaneous discharj^ takes 
place, and the process must then tie re- 
nen'ed in order to obtun a full chai^. 
It is more prudent, however, to stop 
before this degree of accumulation is 
attuned : and one great advantage of 
Henley's electrometer is, that it shows 
us the progress of the charge, and bow 
far we may proceed with safety, 

(138.) But the most effectual security 
against fracture from a spontaneous 
discharge, is to form an interrupted 
circuit, of which the parts, where the 
interruption occurs, terminate by xae- 
talUc balls, placed at a certain distance 
from each other. By varying the in- 
terval between them, we may reeulale 
(he quantity of electricity which we 
shall allow to accumulate in the battery ; 
fbr the moment it exceeds the quajiti^ 
of which that interval is the tiriking 
(Uilance (j 87,) an explosion happens, 
by the electricity forcing its way througli 
theairiromoneballtotheother. Ifthe 
balls he brought very near each other, 
a discharge will take place with a com- 
paratively small accumulation : when 
farther separated, a greater charge will 
be retained, because a higher intensity 
of electricity is required in order to pass 
through the lar^r intervening space- 
It is on this principle that the instru- 
ment, called Lane't DUcharging Elee- 
tromeler, is constructed, it consists of 
a brass btH.B, Jig. 3i, placed at theend 
Fig. 35. 



quired : the other end of the moveable- 
i^id must be connected, by mesas of a 
chain or wire, with the outer coating. 

The chief use of this instrument u to 
allow a jar to discharge itself sponta- 
neously through any previously arranged 
circuit, without employing a discharging 



nearly of the same strength. The 
magnitude of the charge is measured bf 
the distance at which the balls are 
placed ; and the power of the machine 
may be estimated by the number of 
explosions, which, at any given dis- 
tance, take place in equal times. In 
Mr. Lajie's experiment the shocks were 
twice as frequent when the interval be- 
tween the balls was l-24th of an 
inch, as when twice as much : hence he 
concluded that the quantity of electri- 
city required for a discharge is in exact 
proporiion to the distance between the 
surfaces of the balls. But the indica- 
tions of this instrument are in reaiitf 
subject to great fallacy, on account of 
the variable state of the atmosphere. 
which affects its conducting power; 
the quantity of dust which, even during 
the course of an experiment, is liable 
to be attracted, and to coUect upon the 
balls ; and also from, the roughening 
and tarnishing of the metallic surfaces 
produced by frequent electric explo- 
sions. This last imperfection is one to 
which brass balls are particularly ex- 
posed ; and might, if it were worth 
while, be remedied by having the balls 
made of fine silver. 

(139.) Another contrivance for re- 
gulating the amount of the charge 
which we may wish to send through any 
substance, is that invented 1^ Cuth- 
bertson, and termed the Baianes Elec- 
trometer. It consists of a metaLic rod, 
R. fig. 36, terminated by two equal 
balls A, B, and balanced, like a scale- 
Fig.36. 



of a short metallic rod R, which moTcs 
through a tubular piece, supported by 
a bent glass stand S. This stand is 
made so as to be capable of being fixed, 
by its other extremity, to the rod pass- 
in;^ up from the interior coating, and 
adjusted so that the ball B is immedi- 
ately opposite to the knob of the jar, 
and may be brought to the exact ttnk- 
Wg dittance from it which may be re- 
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beam, ttpon knife-edged centres. One jar by means of it, the Vfnole of tne 
of the arms of this oeBxn is graduated, fluid will pass though the wire, without 
and carries a slider, which, when set affecting him : but if a piece of dry 
at different distances from the centre of wood be substituted for the wire, he 
motion, acts on the lever with a pro- will feel a shock ; for the wood, being 
portionate weight from one grain to a worse conductor than his own body, 
sixty. The ball A, at the extremity of the charge will pass through the latter, 
this loaded arm, rests on a similar ball as being the easiest, although the 
D, below it, which is supported by a longest circuit. During its transit 
bent metallic tube T, proceeding from through the human body, in like man- 
tiie same stand as that which supports ner, the shock is felt only in the parts 
the rods ; the whole being insulated by situated in the direct line of communi- 
a glass pillar P. At a little distance cation ; and if the charge be made to 
below the ball B, at the other extre- pass through a number of persons who 
mity of the beam, another ball C, insu- take one another by the hand, and form 
lated by the ^lass pillar Q, is placed ; part of the circuit between the inner 
this last ball is to be connected by a and outer coatings of the jar, each will 
chain with the outer coatings of the feel the electric shock in the same 
battery, while the metallic support of manner and at the same instant; the 
the balance is connected with the inner sensation reaching from hand to hand, 
coatings. When a charge is commu- directly across the breast. By varying 
nicated to the battery, the two balls A the points of contact, however, the 
and D, which are in contact, become shock may be made to pass in other 
repulsive of each other ; and when the directions, and may either be confined 
force of this repulsion is sufficient to to a small part of a limb, or be made 
raise the weight on the loaded arm of to traverse the whole length of the 
the beam, the other arm will be forced body from head to foot, 
down, and the ball B coming in con- (141.) By accurate experiments it ap* 
tact with the ball C, the circuit will be pars that fiie force of the electric shock 
completed and a discharge take place, is weakened, that is, its effects are di- 
As the force of the repulsion depends minished, by employing a conductor of 
upon the intensity of the cha^e, the great length for making the discharge, 
weight it has to overcome affords a But it is difficult to assign a limit to S19 
measure of this intensity, and enables us number of persons through which even 
to regulate its amount. a small charge of electricity may be 
The practical application of accumu- sent, so that all shall experience the 
lated electricity to various purposes ci shock ; or to the distance along which 
experiment, involves considerations it may be conveyed by good conductors, 
which relate to the laws observed bv At an early period of electrical inquiries, 
electricity in its movements, and which much interest was attached to tne de- 
more properly belong to the subject of termination of these points. The Abbe 
the ensuing chapter. NoUet passed an electrical shock from 

a small phial through a hundred and 

Chapter X. eighty of the French guards in the pre- 

^^ .. -MM- ^' ^ , ^ J T^. sence of the kii^; and at the Carthusian 

0/the Motion of accumulated Elec- convent in Paris, the monks were formed 

maty. Jj^^q ^ ]^ ^f above a mile in length, by 
(140.) In forming arrangements for means of iron wires held between them : 
directing the passage of accumulated on the dischaige of the phial, the sensa- 
electricity, it should be borne in mind tion was felt at the same moment by all 
tiiat the electric fluid will, on these oc- the persons composing this extensive 
casions, always pass through the best circuit Many experiments were made 
conductors, although they may be more both by the Enghsh and French elec- 
circuitous, in preference to those which tricians with a view to ascertain the 
are more direct, but have inferior con- space which a discharge can be made 
ducting power : and it must also be to traverse, and the velocity witli which 
recollected, that when different paths it is transmitted. Of these the most 
are open for its passage, along con- ingenious and satisfactory were the ex- 
ductors of equal power, the electricity periments planned and executed by Dr. 
will always 'take that which is the Watson, with the assistance of the lead- 
shortest. Thus if a person, holding ing members of the Royal Society. A 
a wire between his hands, discharges a circuit was formed by a wire which ejf 
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tended the whole length of Westminster (143.) If we conceive the conducting 

bridge, at a considerable height above bodies which compose the circuit to be 

the river: one end of this wire com- divided into an mdefinite number of 

municated with the outer coating of a tilaments, every one of which is capable, 

charged phial, the other being held by a in an equal degree, of conveying the 

person on the opposite side of the river, electric fluid, it is evident that the united 

who formed a communication with the power of these filaments, or what is 

water by dipping into it' an iron rod the same thing, the capability of the 

held by the other hand. The circuit bod^ itself to convey a charge of elec- 

was completed by another person, who tricity, is in proportion to the number 

stood near the pnial, and who likewise of these elementary filaments which it 

dipped an iron rod into the river with contains, that is, to the magnitude of its 

one hand, and was enabled, by means transverse section, without any relation 

of a wire held in the other, to effect a to its form. Thus, the same metallie 

contact with the knob of the phial, rod will conduct a charge ec^ually well. 

Whenever the discharges took place, the whether it be flattened, or divided into 

shocks were felt by both persons ; thus several smaller wires, or whether it con- 

E roving that the electric fluid must have sist of a single cylinder of the same 

een in motion along the whole line of area, 

the circuit, including both the wire (144.) If the size of the conductor be 

above and the river l^low. sufficiently great, the whole charge may 

In another experiment, made on Shoot- be conveyed without any sensible ol>- 

ers'-hill, at a time when the ground was struction or retardation, and therefore 

remarkably dry, the electricity was made without any tendency to deviate from 

to perform a circuit of four miles ; being the chrect line of its course. But it is 

conducted for two miles along wires otherwise when the conductor is too 

supported upon baked sticks, and for slender to afford a ready passage to the 

the remaining distance, also of two miles, fluid which is pressing onwards : and it 

through the dry ground. As far as is important to inquire into the conse- 

could be ascertained, by the most careful quences to which these obstructions may 

observation, the time in which the dis- ^ve rise. 

charge was transmitted along that im- (145.) The first effect of an impedi- 

mense circuit was perfectly instantane- ment to the free passage of accumulated 

ous : nor has any other trial that has electricity must be a retardation of its 

yet been made afforded the least ap- motion. It is reasonable, therefore, to 

proach to a measurement of the velocity expect that with a circuit composed 

with which electricity moves. eitner of bad conductors, or of con- 

(142.) On this subject, however, an ductors of inadequate size, although 

important distinction should be made good, the discharge will not be effected 

between the actual movement of each so instantaneously, nor so completely ; 

individual particle of electric fluid, and and that the shock which accompanies it 

the transmission of an impulse along a will be diminished in its violence. This 

series of such particles, for the one may principle may find its application on oc- 

bear hardly any proportion to the other : casions where it is desirable to soften 

'j' just as we find that sound proceeds with the intensity of the shock, as in the 

a velocity incomparably greater than medical employment of electricity, where 

that of the particles of air which are imperfect conductors are on this ac- 

concerned in its propagation. In like count sometimes preferable, both for 

manner the portion of blood, which raises taking sparks and shocks . 

the artery at the wrist, where the pulse (146.) A second effect resulting from 

is felt, is not the identical portion of an obstruction to the flow^of electricity, 

blood which is thrown out from the heart is a tendency in the fluid to diverge 

by the contraction of that organ pro- from the direct line of its course, and to 

ducing that pulsation : the impulse, in fly off to different objects in the vicinity, 

all these cases, being propagated like a Tnis is frequency exemplified in the 

wave, from one particle to another, case of lightning, which, on striking a 

There is, therefore, no reason to sup- building, is apt to take a very irregSar 

pose that the same particles of electric and seemingly capricious route, darting 

fluid, which enter at one part, have tra- towards conducting bodies which may 

versed from one end to the other the happen to attrSLct it, although at some 

whole line of conducting substances distance from the immediate direction it 

which for«i the circuit was pursuing. Hie position of such 
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conducting bodies would appear to have 
a materisd influence in detennining the 
striking distance. It was remarked by 
Dr. Priestley, that the explosion from a 
large battery extends to a greater dis- 
tance over the surface of water than in 
air alone. 

(147.) An effect which seems to de- 
pend upon this tendency in the fluid to 
divergence in consequence of obstruc- 
tion, although it has by some been re- 
ferred to a different principle, is that 
which has been termed the lateral ex- 
plosion. When a large jar or battery 
IS discharged by a metallic wire which 
IS held in the hand without the protec- 
tion of any glass or other insulating 
handle, it often happens that a slight 
shock is felt in the hand that grasps the 
wire, especially if the charge of elec- 
tricity be very considerable. This ap- 
parent divergence or overflow of electric 
fluid, when rushing in large quantities 
through a narrow space barely suflicient 
to contain it, may also be rendered 
visible in other ways. If one end of a 
chain be connected with the outer coat- 
ing of a charged jar, while the remainder 
of the chain is lying loosely upon a 
table, on discharging the jar in a dark- 
ened room, by a discharging rod, in 
the usual way, it will be found that the 
chain, although it makes no part of the 
circuit, is rendered luminous by the 
passage of sparks from one link to an- 
other. The following experiment, made 
by Dr. Priestley, may also be regarded 
as a case of lateral explosion. Let a 
thick metallic rod R, flg, 37, be sup- 




ported on an insulating stand, and 
placed with one of its ends in contact 
with the outer coating of a Leyden jar ; 
and at a distance of half an inch from 
its other extremity place a long con- 
ducting body B, of at least six or seven 
feet in length, and only a few inches in 
breadth. Let a chain C, be now placed 
upon the table, so that one of its ends 
may be about an inch and a half dis- 



tant from the outer coating of the jar, 
and apply one end of the discharging 
rod D, to the other extremity of the 
chain. As soon as the other ball of the 
dischar&:ing rod is made to touch the 
knob of the jar, so as to eflect a dis« 
charge, a brilliant spark is seen to ex- 
tend between the insulated rod R, and 
the adjacent conductor B. This lateral 
spark has the same length and brilhancv 
whether it be received on flat or smooth 
siufaces, or on sharp points. 

It is stated by br. Priestley, that 
the effect we have been describing takes 
place without any apparent change in 
the electrical state of the conductor B ; 
and hence Cavallo conceived that the 
lateral spark was sent out from the jar, 
and returned to it almost at the sanie ' 
instant^ allowing of no perceptible time 
for an electrometer to be affected. Dr. 
Robison, however, always observed, 
on repeating the experiment, that a 
very delicate electrometer was affected 
under these circumstances : and the 
same observation is confirmed by Biot 

The phenomena of the lateral ex- 
plosion have been attempted to be 
explained by the electricity exerting, 
during its passage, an inductive in- 
fluence, of which the effects may be 
expected to cease the moment the cause 
is removed. But this explanation ap- 
pears to be less satisfactory than the 
one which attributes the phenomena to 
an expansive propulsion, followed by 
an immediate recession of electric fluidf, 
produced by obstructions to its free 
passage in the circuit of conductors. 

Chapter XI. 

Effects of Electricity upon Bootes. 

(148.) Having considered the cir- 
cumstances attending the motion of<> 
electricity with reference chiefly to the 
fluid itself, we next proceed to give an 
account of the effects which it produces 
upon bodies by its passage through 
them. 

(149.) Independently of elecfrical at- 
traction and repulsion, it does not appear 
that the simple accumulation of electricity 
in any quantity in bodies, as long as it 
remains quiescent, produces the least 
sensible change in their properties. A 
person standing upon an insulating stool 
may be charged with any quantity of 
electricity from a machine, without being 
perceptibly affected, until ttie equilibrium 
of the fluid is disturbed, by drawing 
sparks from his body, or from the prime 



4S ELECTRICITY. 

oonduetor with ^hich he may be in com- employed for making thermometers, be 

munication. filled with mercmy, and placed so that 

We have already seen, indeed, (} 78, the filament of this metal forms part of 

79, 80,) that it is only a verv small part the circuit ; on the discharge beinc^ 

of an electrified body, namely, the mere made, the glass tube will be burst, and 

surface, that is in an active state, either its fragments, together with the mer- 

of positive or negative electricity, and cury, will be completely dispersed. If a 

that the rest of the substance of the body fluid of inferior conducting power, such 

is in a state of perfect neutrality. as water, be contained in a tube of 

f150.) It also appears that the unin- larger diameter than in the preceding 

terrupted passage of any quantity of experiment, the passage, even of a mo- 

dectricity uirough a perfect conductor, derate charge, will be sufficient to break 

such as a rod of metal which is of suffi- the tube, and scatter its contents. Oil, 

cient ^ckness to convey it, occasions alcohol, and ether, oppose still greater 

BO perceptible alteration in the mechar resistance than water to the passage of 

nical properties of the conducting l>odY. electrici^, and they are expanded and 

(151.) On the contrary, very consi- scattered with still greater violence by a, 

derable effects are produced when a discharge being made to pass through 

powerful charge is sent t}m)ugh a wire, them. 

which from the smallness of its size will (154.) Beccaria introduced two wires 
not admit of the whole quantity to pass through holes in the opposite sides of. a 
with perfect freedom ; or through a sub- perforated ball of solid glass of two in- 
stance which, although large, is deficient ches diameter, the ends of the wires 
in conducting power ; or, in other words, being separated by a drop of water, 
which opposes a de^ee of resistance to whidi occupied the centre of the perfo- 
the passage of electricitv. Thus, an iron foration. On passing a shock through 
conductor will carry oft the whole elec- the wires and intervening drop, the ball 
tricity of a thunder-cloud in safety and was shattered with great violence. By 
in suence, while a beam of wood, or a a similar arrangement, Mr. Morgan 
tree, struck by lightning, is shivered into succeeded in breaking green glass hoi- 
a thousand fragments. ties filled with water, when the distance 

^^152.) When electricity thus changes of the wires between which the explosion 
the physical properties of bodies, its passed exceeded two inches. In this 
operation may, in general, be referred to way, also, glass tubes, half an inch thick, 
that of separating their particles in the with a bore of the same diameter, were 
line of its course. This separation is burst with a vety moderate charge, in 
effected with more or less violence, ac- Mr. Singer's experiments. If a cup-like 
cording to the intensityand quantityof the cavity be turned in a piece of ivmy, ca- 
charge, and is frequently attended by the pable of receiving the half of a light 
evolution of heat and light. The mecha- wooden ball, with a small conical cell at 
^ nical effects of electrici^ resemble those the bottom of Uie cavity, and two wires 
which would be produced b^ a material be inserted into it through the sides of 
agent driven with great velocity and force the ivory ; on putting a drop of water, 
through the substance of the body. Some alcohol, or ether between the wires, and 
*of these effects, on the other hand, seem placing the ball over them in its cavity, 
to be the consequences of the expansion and sending a charge through the drop 
produced by heat; but many of the of fluid, part of it will be suddenly con- 
changes induced by electricity are of a verted into vapour, and the ball will be 
chemical nature, and such as mechani- propelled with great violence. Even a 
cal agencies alone are insufficient to ex- common drinking glass, filled with water, 
plain. We proceed to describe these maybe broken by the explosive force 
several effects more particularly. with which vapour is formed at the 

XI i>«^ 1 -I Kfjr . ^ r,. . , point where the electricity passes. Bee 

{ 1. Mechanical Effects of ElectHeity. ^^ consmicted a small mortar with a 

(153.) The cohesion of the particles of ball, behind which a drop of water was 

solid bodies may be conceived to oppose placed, so as to be between the two 

some resistance to the tendency of elec- wires that passed through the sides of 

tricity to separate these particles from the mortar. Tlie charge being sent 

one another ; for we find that fluids are through the two wires, the drop of water 

more violently acted upon than solids, by was expanded with such force, as to 

the passage of the electric discharge. If drive out the ball with great velocity, 

the stem of a capillary tube, such as is Mr. Lullin, of Geneva, found that, by 
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using oil instead of water in this ex- ments, and even reduce a portion into an 

periment, the ball was projected with impalpable powder. If the mouth of a 

still greater fonse. small mortar made of ivoiy, with a ca* 

(155.) If two wires be introduced into vity of Jialf an inch diameter and an inch 

a soft piece of tobacco-pipe clay, so^that deep, be stopped by a cork, fitted so as 

their ends be near each other, and to dose the aperture accurately, yet 

a shock passed through them, the clay without much friction, and if two wires 

will be curiously expanded in the inter- be inserted through the sides of the mor* 

val between the wires. Tlie experiment tar so that their points within the cavity 

will not suoceed if the clay be either too be separated by an interval of about a 

dry or too moist If the clay be too dry, quarter of an inch, a strong charge 

or the shock too powerful, the mass will being sent through the wires wiU expand 

be shivered into innumerable fragments, the air within the cavity so suddenly as 

If the clay be placed in the tube of a to- to project the cork to some distance, 

bacco-pipe, or in a glass tube, the ex- (168.) Solid bodies of a porous tex- 

pansion of the clay will be so consider- ture, such as wood, are easily torn 

able as to shatter the tube which con- asunder by an electnc charge. If two 

tains it holes be orilled in the opposite ends of 

(156.) The expansion of air by the a piece of wood, about half an inch 
passage of the electrical fluid, either in long, and a quarter of an inch thick, 
the form of sparks or shocks, is shown and the ends of two wires inserted in 
in the following e^^riment of Kinners- the holes, so that their points may be at 
ley, the apparatus for which has been the distance of a quarter of an inch ; on 
called the Electriccd Air Thennometer, pas»ng a strong charge through them. 
It consists of a glass tube closed at both the wood will be split in pieces. Stones, 
ends by air-tight brass caps, through loaf-sugar, and other brittle and im- 
which two wires slide in the direction of perfectly conducting substances, may be 
the axis of the tube. These wires are broken in a similar way. 
terminated 1^ brass balls, which are Place a piece of dry writing pap»er 
made to approach witlun the striking upon the table of the universal dis- 
distance. To an aperture in the bot- charger, and having removed the balls 
tom of the lower cap is fitted a bent from the ends of the sliding wires, press 
tube of glass which turns upwards, and the points of the wires against the paper 
is open at both ends ; the bent part is at tne distance of two inches from each 
filled with mercury, or with a coloured other ; if a powerful shock be now scQt 
fluid, which may indicate by its rising through the wires, the paper will be 
or falling in the tube any cGlatation or torn m nieces. If a number of wafers 
contraction that may take place in the air be placed on the table, instead of paper, 
within the vesseL It is found that every they will be dispersed in a curious man- 
time a spark passes between the brass ner, and many of them broken into 
balls, the fluid suddenly rises, but de* small fr-agments. 
scends again to its former level imme- (159.) A singular result is obtained 
diately after each explosion ; thus show- by the following variation in the circum- 
ingtliat the dilatation of the air, produced stances of the last experiment, which 
by the abrupt passage of electricity, is but was made by Mr. Lullin. Suspend a 
of momentary duration. varnished card by silk threads, (see Jig, 

(157.) When a strong electrical charge 38,) in such a manner that two blunt 

is sent through a very confined porticm p. ^» 

of air, the explosive effects produced by ^' 
it are as considerable as those we have 
seen exhibited by denser fluids. Thus if 
a piece of plate glass of the size of a 
square inch, and half an inch in thicki- 
ness, be laid flat upon the small table of 
Henley*s universal cybcharj^er, (} 136,) 
and pressed down by a weight, and the 
points of the sliding wires be set oj^- 
site to each other and against the under 
edge of the glass, so that the electricity 
may pass benealh it, the charge of a 

large jar transmitted in tMs way will wires proceeding from the two sides oC 

break the glass into innumerable frag- a jar or battery, may be in contact with 
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the qpposite sides of tlie oard» but at the mechanical impressions made by dec- 
same time half an inch distant from tricity. Let a sheet of tin-foil be placed 
each other ; when the discharge is in the middle of a quire of paper ; on 
made between the wires, and along making the discharge through it, the 
ttie surface of the card, the latter is tin-foU is found to have received two 
found to be perforated, but always at indentations in opposite directions, and 
the point where the wire communicating the leaves of paper are rent in such a man- 
with the negative side of the battery had ner, that on both sides of the tin-foil the 
touched it The same perforation takes burs point towards the outsides of the 
place at this point, even when a hole (}uire; but the indentations upon the 
hai^ been previously made at the point, hn-foil, and the burs on the paper, are in 
where it is touched by the positive wire, opposite directions. If another quire of 

The course of the electric fluid may paper be taken, and two sheets of tin- 
be traced with more preoLsion, by hav- foil be placed within it, so that they are 
ing both sides of the card coloured, separated by the two middle leaves of 
previously to the experiment, with ver- the quire, the result wiU be that all the 
' milion, for it will then leave on the leaves will be iterated, excepting the 
card a well defined black line extending two within the tin-foil, and in these two 
from the point of the positive wire to leaves there will be two impressions or 
the perforation ; and a diffused black indentations in opposite directions, 
mark on the opposite side of the card, ^ (162.) The mechanical effects we have 
around the paioration, and next to the just described have been often adduced, 
negative wire. not only as proofs of the materiality of 

(160.) When the electrical discharge the electric fluid, but also as positive 
is made to pass in a perpendicular di- indications of the direction of its motions, 
rection through the thickness of a card, according as either the one or the other 
which may be effected by placing it of the two theories of electricity is 
against the outer coating of a Leyden adopted. But this is a subject which we 
jar, and setting the lower ball of the reserve for future discussion, 
discharging rod against the other side (163.) The fracture of glass by the 
of the card, so tiiat its thickness may be electrical explosion has already been 
interposed between it and the tin-foil, adverted to, ($ 129 ;) but there are still 
and making the explosion in the usual a few circumstances attending it which 
way, as represented in^. 33, ($ 134,) deserve to be noticed. The edges of the 
the card wnl be prorated. At the edge fractured portion appear well defined on 
of the perforation, on each side of the the positive side ; while on the negative 
card, there will be a small bur or pro- side they are splintered, as might be 
trusion, which is always larger on the expected from the passage of a material 
side next to the jar, than on that next to agent from the former to the latter. It 
the discharging rod; the former being is remarkable also, that a perforation 
the negative, and the latter the positive may be made in glass by a very mode- 
side. By passing the shock through a rate discharge, when the glass is in con- 
auire of paper, instead of a single card, tact with oil or sealing-wax. Thus if 
le progress of this effect at different a small phial, or glass tube, closed at 
depths from the surface may be accu- one end, be filled with olive oil, and a 
rately analysed. Mr. Symmer, who de- pointed wire, bent at right angles, and 
vised this experiment, observed that the passing through a cork fitted to the 
ragged edges were for the most part mouth of the phial or tube, be intro- 
directed outwa^s from the body of the duced into it, so that the point may touch 
quire. Upon examining the leaves se- any part of its inside beneath the sur- 
parately, however, he found that the face of the oil ; on suspending the ves- 
edges of the holes were bent regularly sel by its wire to the prime conductor of 
two different ways, and more remarka- an electrical machine, and applying to 
bly so about the middle of the quire ; the outside, either the knuckle, or a 
one edge of each hole being throughout brass ball, exactly opposite to the point 
its course forced one way, and the other of the wire within, so that a spark may 
edge in the contraiy direction, as if the pass between them, it will be found to 
hole had been made in the paper by have made a small perforation through 
drawing two threads through it in oppo- the glass ; by bringing the wire in con- 
site directions. tact with different parts of the glass, a 
(181.) The following variation of the great number of holes may thus be 
experiment illustrates the nature of the made in it. The effect of Uie oil appe.ars 
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tobe that of, controlling tile tendency of has a weight suspended by it, so as 

the electric fluid to diverge, and of con- to give it considerable tension, the length 

centrating the whole power of the charge of the wire becomes increased instead 

into a single point. of diminished, as in the above experi- 

(164.) This repulsive tendency is also ment. This is evidently owing to the 

wdl illustrated by the following experi- influence of the heat which accompa- 

ments made by Dr. Priestley. If a clean nies the passage of the electricity, and 

brass chain, previously dipped in melted which diminishes the cohesion of the 

resin, be laid upon paper, and the particles of the metal, and disposes 

charge of a battery of at least 32 square them to yield to the extending force 

feet be sent through it, the resmous which the weight supplies, 

coating will be thrown off from every xr* r» i -.• j>rr i r,, 

part of the chain, which will be left per- J 2. Kvolutton of Heat by Electnctty. 

fectly clean, and free from resin. If a (166.) The ignition and fusion of metals 

brass chain be laid upon a piece of by the electric discharge, are phenomena 

glass, and a similar charge passed which have been long observed. Thus 

through it, the glass will be marked in by passing a strong charge through 

a beautiful manner on every part of its slender iron wires, they are ignited, and 

surface, where it had been touched with partly melted into globules. It was 

the chain, every spot having the width formerly believed that very large bat- 

and colour of the link. Ihe metal may teries were Accessary for obtaining this 

be scraped ofi^the glass at the outside of eflFect ; but if the wire be sufficiently 

the marks, but in the middle part it is fine, the electricity accumulated in a 

forced within the pores of the glass, single jar of moderate size will suffice 

Dr. Priestley communicated a similar for its production. TTie best material 

tinge" to glass, by means of a silver for exhibiting this eifect, is the finest 

chain, and smaJl pieces of other metals ; flatted steel sold at the watchmakers' 

but he could not succeed with large tool shops, under the name of watch 

pieces. pendulum wire. Van Marum has given 

(165.) The effects of accumulated astatement of the lengths of wires of dif- 

electricity upon metallic bodies, are re- ferent diameters, and of difierent metals, 

ferable, for the most part, to the agency which his powerful machine enabled 

of the heat produced by its passa^ him to melt; when they were drawn 

through them ; yet the phenomena, m to the thirty-second part of an inch in 

many cases, indicate also the operation diameter, he found that he could fuse 

of other forces. By the transmission, 120 inches of lead wire, and the same 

through a piece of metal, of repeated quantity of tin wire; five inches of iron 

shocks, which are not powerful enough wire ; three inches and a half of gold 

to effect its fusion, or even ignition, a wire ; and only one quarter of an inch 

permanent alteration may be produced of wires of silver, copper, or brass, 

m its form, such as would not have re- (167.) From the experiments of 

suited from heat alone. Dr. Priestley Brooke and of Cuthbertson, it has been 

and Mr. Naime found by experiment, inferred that the length of wire which is 

that a chain through which an electrical thus melted by the electric discharge, 

charge had passed, undergoes a diminu- varies as the square of the quantity of 

tion in its length. A piece of hard accumulated electricity which is' sent 

drawn iron wire, ten inches long and through it ; thus a combination of two 

one hundredth of an inch in diameter, jars, charged to an equal de^e, will 

was found, after fifteen discharges, to melt four times the length of wire which 

have lost one inch and one tenth of its one jar will melt, 

length; and the increase of thickness (168.) While the electric batteiy thus 

seemed to be in proportion to this Ion- effects the fusion, and even in some 

gitudinal contraction, for the wire had cases the volatilization of metals, the 

not perceptibly lost any of its weight phenomena appear also to indicate the 

during tiie experiment. A copper wire action of propeUing or dispersive forces, 

plated with silver, of the same dimen- as if the agent concerned in their pro- 

sions as the former, underwent, by the duction was endowed with great mecha- 

same treatment, a diminution of length nical momentum. Thus the densest 

two thirds as great as that of the iron metals are rent and dispersed with vio- 

wire. lence by the passage of accumulated 

On the other hand, if the shocks electricity If a slip of gold or silver 

be transmitted through ^ tivire which leaf be placed on white paper, and a 
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■tarons ibock pused through it, the ipirit«f nmebe not highly rectified, il 
met^will diB&ppeu- with a bright flash, will generallv be necessary previously to 
and the impulse with which its puliclet narra it, and the same precaution must 
are driven against the pt^ier will prodiKe be taken with other fiuids, as oil and 
a permanent stsin of a purple or grey [utch ; but it is not required with ether. 
COlDur. Pranklin found that if the which usually inflames veiy rendiljr. 
metallic leaf be placed between two But, on the other hand, it is to be re- 
panes of ^loss firmlv tied tc^ether, the marlied that the temperature of the body 
explosion, provided the glass withstands which communicates the sparii appears 
the concussion, will leave on each of to have no sensible influence on the heat 
its surfaces an indelible stain, in conse- produced by it. Thus the sparks taken 
quence of some of the metallic particlea from a piece of ice are as capable of in- 
being actually forced into the substance flaming bodies as those from a. piece of 
of tlw glass, and being then inaccessilile red'hot iron. Nor is the heating power 
to the action of chemical solvents applied of electricity in the smallest degree dimi- 
to the Burface of the glass. Sometimes nished t» its being conducted throng 
it is found that th^ metallic stains any number of freezing mixtures wliich 
extend to a greater distance than the are rapidly abaorbinjc heat &om sur- 
breadtb of the piece of metaL It often rounding bodies, 
happens, however, that the jdeces of (171.) Light, as well as beat, is emit- 
riws themselves are shattered to pieces ted during the electric discharee st every 
by the discharge. point where the circuit is either inter- 

(169.) The colours produced by tha rupted, or is occupied by bodies of infe- 

electric explosion of metals have oeen rior conducting powers. A moderate 

^iplied to impress letters or ornamental charge will produce a bright spark when 

devices on silk and on paper. For this made to pass through water, and the 

purpose Mr. Singer directs that the out- spark is stul more luminous in oil, alco- 

line of the required figure should be hoi, or ether, which are worse conductors 

first traced on thick drawing paper, and than water : on the contrary, in fluids of 

afterwards cut out in the manner of greater conducting power there is greater 

stencil plates. The drawing paper it difficulty of elicitiiig electric light. Thus 

then placed on the silk or pa^ intended a much higher charge is required to 

to be marked ; a leaf of gold is laid upoo produce a spark in lu>t water than in 

it, and a card over that ; the whole is cold ; a still higher in saline solutions ; 

then placed in a press or under a weight, and in concentrated acids, light can be 

and a charge from a battery aent through obtained only when their volume is very 

the ^Id let^ The stain is confined by small ; so tliat it is necessary for that 

tiie mterposition of the drawing pE^>er to purpose, to draw a line of the acid upon 

the limit of the design, and in this way a a plate of glass with a camel's hair 

profile, H flower, or any other outline pencil. This is illustrated by the foUow- 

figure maybe very neatly impressed. mg experiment mentioned by Singer. 

(170.) The heat evolved by electricity. Draw a line with a pen dipped in water 

like most other of its efiects, is in pro- on the surface of a slip of glass ; place 

portion to the resistances opposed to its one exfremity of the line in contact with 

passage. The less the conducting power the coating of a Leyden j ar, and at six 

of a metal, the greater is the portion of inches distance upon the line place one 

it which the same shock can ignite or knob of the discharging rod ; when the 

'destroy, A rod of wood of considerable jar is fully charged, brir 

thickness being made part of the circuit, of the discharger to the 

has its temperature sensibly raised by a and the discharge will t 

a few discharges. Most combustible nously overthesixinche 

5 are capable of being inflamed by trace a line with a pen 

eleetrici^, but more especially if it be phuric acid on a slip ol 

made to strike against them in the form former experiment, and 

of a spark or shock obtained by an in- raity of it m contact witi 

terrupted circuit, as by the interposition the j ar ; the ball of the 

of a Saturn of air. In this way may then be placed on the 

alcohol, ether, camphor, powdered resin, inches distance, and tl 

phosphorus, or gunpowder be set fire will pass as brilliantly < 

to. The inflammation of oil of turpen- as over tlie six incne 

tine will be promoted by strewing upon either of these expeiime 

it flue particles of brass filings. If the fluid be wideii in any pa 
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li^ht of the discharge will appear less (174.) Under other circumstances* 

brilliant in passing that portion ; this electricity is found to exert a power the 

must anse from the ^ater division reverse of the former ; for it decomposes 

of the fluid when passmg over an ex- metallic oxides, extricating their oxygen, 

tended conductor than over one that is and restoring them to the metallic state, 

narrow. This deoxidating power was known to 

* « >-»z. 1 Tnjr A ^171 J ' 'A. several of the earher electricians. Bec- 

$ 3. Chemtcai Effects of Electricity. caria reduced the oxides of tin and of 

(172.) Electricity exerts a most ex- mercury to their metallic state byelec- 
tensive and important influence^in effect- tricity. In order to effect this change, a 
ing changes in the chemical composition quantity of the oxide may be introduced 
of bodies ; but as this influence is most into a ^lass tube, and pointed conducting 
conspicuously exerted in that particular wires mserted through corks at the op- 
mode of agency, which is known by the posite ends of the tube, so that a portion 
name of GcUvanismf this subject will of the osdde may lie between them. This 
more properly be considered in the treatise apparatus is then to be placed on the 
on that branch of electrical science. For table of the universal discharger, ($ 136,) 
the present, we must content ourselves and repeated shocks are to be sent 
with adducing a few instances, illustra- through the oxide until its partial or 
tive of the chemical effects of electricity total reduction is accomplished. Ver 
in the forms under which it has now milion, which consists of sulphur and 
been presented to our notice. mercury, is very easily decomposed by 

(173.) Some of the chemical changes this process, axid l)y a very moderate 

consequent on powerful electrical ex- charge. 

plosions, appear to be merely the effects (175.) When a succession of electric 
of the heat which is evolved in that pro- discharges from a powerful electric ma- 
cess. The surfaces of metallic bodies chine are sent through water, a decom- 
tfarough which accumulated electricity is position of that fluid takes place, and it 
made to pass are frequently oxidated ; is resolved into its two elements of oxy- 
this is seen more especially m the case gen and hydrogen, which immediatdy 
of wires that have oeen fused or vola- assume the giaseous form. This fact was 
tilized by the electric discharge. It is discovered in 1789, by Messrs. Dieman, 
known that metals intensely heated are Paetz, and Van Troostwyck, who had 
disposed to combine with tne oxygen of formed themselves into a society for ex- 
the atmosphere, and, conseq^iently, to perimental research in Holland ; and it 
assume the state of oxides ; it is simpler, completed the chain of evidence by which 
therefore, to ascribe this effect in the the great discovery of the composition of 
present case to a cause which is known water, made five years before hy Caven« 
to be in operation at the same moment, dish, is established. The abovemen- 
than to any peculiar or determining tiimed Dutch chemists being occupied, 
agency of dectricity. A multitude of in conjunction with Mr. Cuthbertson, in 
experiments are on record in winch the investigating the effects of electricity 
partial oxidation of metals has been ef- when passed through different bodies, 
fected by dectrio explosions. This subject were desirous of ascertaining its effect 
was prosecuted with minute and labori- on pure water. They employed for this 
ous attention by Van Marum, by Cuth- purpose an apparatus consisting of a 
bertson, and more lately by Singer. It glass tube, twelve inches long and one- 
is remarked by this last experimentalist, eighth of an inch in diameter, throiigh 
that the oxides of metals produced in one end of which a gold wire was in • 
this way appear to consist of several serted, projecting about an inch and a 
distinct portions of different degrees of half within the tube ; that end was then 
fineness ; when a wire is exploded in a hermetically sealed. Another wire was 
receiver, part of the oxide immediately introduced at the other end of the tube, 
falls to the bottom, but another portion which was left open, and passed up- 
remains suspended in the air for a con- wards, so that its extremity came to a 
siderable time, and is at length gradually distance of five-eighths of an inch from 
deposited. It is probable that this cir- the end of the first wire. The tube was 
cumstance may m part account for the then filled with distilled water, which 
different colours of oxides produced in had been freed from air by an excellent 
dose receivers and in the open air, for in air-pump, and inverted in a vessel con- 
the latter case a portion of the oxide is taining mercuiy. A little common air 
always lost was let into tthe top of the tube, in 
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order to prevent its being broken by the by smaller machines, and with less pow- 

discharge. Electrical shocks were then erful excitation than had hitherto been 

passed between the two ends of the applied to this object. Having procured 

wires through tiiie water in the tube by a small wire of fine gold, and ^ven to it 

means of a Leyden jar, which had a as fine a point as possible, he mserted it 

square foot of coated surface. This jar into a capillary glass tube; and after 

was charged by a very powerful double heating the tube, so as to make it adhere 

plate machine, which caused it to dis- to the point, and cover it in evay part, 

charge twenty-five times in fifteen revo- he gradually groimd it down, till, with 

lutions. At each explosion bubbles of a |>ocket lens, he could discern that the 

air were formed, and rose to the top of point of the gold was exposed. When 

the tube. As soon as a sufficient quan- sparks from a prime conductor of an 

tity had collected to leave the upper end electrical machine were made to pass 

of the wire uncovered by the water, so throueh water by means of a point so 

that the shock had now to pass through guarded, a spark, extending to the dis- 

a portion of the mixed gases, they were tance of one-eighth of an inch, woi^d 

instantly Idndled ; a reunion of the ele- decompose water when the point ex- 

ments took place ; water was again form- posed did not exceed one 70(;th of an 

ed, and the space thevhad occupied was mch in diameter. With another point, 

immediately filled wim fluid from below, estimated at one 1500th, a succession of 

so as to restore every thing precisely as sparks one-twentieth of an inch in length 

at tiie outset of the experiment It was afforded a current of smaU bubbles of 

ascertained by the most decisive che- air. With a still finer filament of ^old, 

mical tests, that the gases thus obtained the mere current of electricity, wiuiout 

consisted of a mixture of oxygen and any perceptible sparks, evolved gas from 

hydrogen gases. water. 

(176.) It may appear somewhat para- (1 78.) When a solution of sulphate of 
doxical that the same agent should, in copper was subjected to the action of 
the course of the same experiment, pro- electricity by means of these slender 
duce at one time decomposition, and conducting wires, the metal was revived 
at another combination of me same ele- around the negative wire ; but upon 
ments. The simplest way of reconciling reversixig the direction of the current of 
this apparent discordance, is to suppose electricity, so that the same wire now 
that the combination of the gases is the became positively electrified, tlie copper 
effect of the heat evolved during its which had collected around it was re- 
forcible transit through an aeriform dissolved, and a similar precipitate was 
fluid that opposes considerable resistance deposited on the opposite wire, which 
to its passage ; while the decomposition was now the negative one. Similar ex- 
of the liquid is the direct consequence of periments made with other metallic 
the agency of electricity when not inter- solutions were attended with analogous 
fered with by heat. results ; the negative wire always sepa- 

(177.) Until lately, it was thought ne- rating oxygen from its combinations, 

cessary to employ powerful machines the positive wire always attracting it, 

and lai^e jars in order to effect the de- and effecting its union with the bases 

composition of water by electricity, and presented to it. With solutions of neu- 

that mere sparks from a common machine tral salts, the alkaline or earthy bases 

were inadequate to accomplish this pur- were attracted by the negative, while the 

pose. That there is in this respect, how- acids were attracted by &e positive wire, 

ever, no essential distinction in the ope- The experiments of Sir Humphiy Davy 

ration of these two forms of electricity have confirmed these results as far as 

has been satisfactorily shown by Dr. concerns the chemical action of coomion 

WoUaston. This distinguished philoso- electricity ; but as this is a subject which 

pher, perceiving, with his accustomed bears more immediate relation to che 

sagacity and penetration, that the de- mistry and to galvanism, it would not 

composition would depend on duly pro- be right to enlarge upon it in the present 

portioning the strength of the charge to treatise. 

the quantity of water, and that the quan- (179.) The magnetic effects of elec- 

tity exposed to its action at the surface tricity will likewise form the subject of a 

of communication depends on the extent distinct treatise, as they now constitute 

of that surface, inferred that by reducing a new branch of science, under the title 

the surface of communication the de- of Electro- Magnetism. 
composition of water might be effected 
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„^ , ^ „, ... ^ . , in«nt in passing from the surface of one 

iA.Efectso/ElectncttytqxmAmmaU, ^^^^ to another, at the parts where 

(180.) Havins^ seen that the effects the continuity of substance is inter- 
of electricity on inanimate matter are of rupted by the joints, this circumstsince 
various kinds, we should be led to ex- explains why the shock is often more 
pect that its operation on living bodies e^iecially felt at the joints than in any 
would be still more complicated ; for in other part of a limb. But if the shock 
addition to its mechanical and chemical be directed more particularly through 
agencies, it can hardly fail of exerting muscles, its effects are chiefly shown by 
considerable influence on the living exciting a convulsive and mvoluntary 
powers, and more especially on the action of those muscles. This is often 
functions of the nervous system. It is observed to take place in a paralysed 
unnecessary to describe the sensations hmb, when electnc shocks are sent 
excited in tne body by receiving electric through it, although the nerves of the 
sparks or shocks, smce most persons limb are at the time incapable of con- 
in the present day are familiar with veying the impressions which produce 
them, it is curious, however, to take sensation. Mr. Morgan states, that if 
a retrospective view of the mode in the diaphragm be included in the circuit 
which the effects of the Leyden phial of a .coated surface of two feet in extent, 
were announced to the world, on their fully charged, the sudden contraction of 
first discovery. The philosophers who the muscles of respiration will act so 
first experienced, in uieir own person, violently upon the air in the lungs, as 
the shocK attendant on the transmission to occasion a loud and involuntary 
of an electric discharge, were so im- shout ; but if the charge be small, a fit 
pressed with wonder and with terror by of convulsive laughter is induced, pre- 
this novel sensation, that they wrote the senting a most ludicrous exhibition to 
most ridiculous and exaggerated ac- the by-standers. 

count of their feelings ontiie occasion. (182.) It is on the nervous system, 
Muschenbroek states, that he received however, that the most considerable ac- 
so dreadful a concussion in his arms, tion of electricity is exerted. A strong 
shoulder, and heart, that he lost his charge passed through the head, gave 
breath, and that it was two days before to Mr. Singer the sensation of a violent 
he could recover from its effects; he but universal blow, and was followed 
declared also, that he should not be in- by a transient loss of memory and in 
duced to take another shock for the distinctness of vision. If a charge be 
whole kingdom of France. Mr. Alle- sent through the head of a bird, its 
mand reports, that the shock deprived optic nerve is usually injured or de- 
him of breath for some minutes, and stroyed, and permanent blindness in- 
afterwards produced so acute a pain duced: and a similar shock given to 
along his right arm, that he was appre- larger animals, produces a tremulous 
hensive it might be attended with seri- state of the muscles, with general pros- 
ous consequences Mr. Winkler informs tration of strength. If a person who i§ 
us, that it threw his whole body into standing receive a charge through the 
convulsions, and excited such a ferment spine, he loses his power over the mus- 
in his blood, as would have thrown him cles to such a degree, that he either 
into a fever, but for the timely employ- drops on his knees, or falls pros- 
ment of febrifuge remedies. He states, trate on the ground ; if the charge be 
that at another time it produced copious sufiiciently powerful, it will produce im- 
bleeding at tiie nose ; the same effect mediate death, in consequence, proba- 
was produced also upon his lad^, who bly, of the sudden exhaustion of the 
was almost rendered mcapable oi walk- whole energy of the nervous system, 
ing. These strange accounts naturally Small animals, such as mice and spar- 
excited the attention and wonder of all^ rows, are instantly kiUed by a shock 
classes of people ; the learned and the from thirty square inches of ^lass. Van 
vulgar were equally desirous of expe- Marum found that eels are nrecovera- 
riencing so singular a sensation, and bly deprived of life when a shock is sent 
great numbers of half-taught electri- through their whole body; but when 
cians wandered through every part of only a part of the body is included m 
Europe to gratify this universal cu- the circuit, the destruction of irritability 
riosity. is confined to that individual part, while 

(181.) As it is probable that the elec- the rest retains the power of motion 

trie fluid meets with greater impedi- Different persons are affected in very 
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difitrent degrees by eleefrvn^, ftcmtrd the functions of the general system, 

ing tc their peculiar coiutitulioiial sus- Accordingly we find, that at one period 

ccptibility. Dr. Young remarks, that electricity was in great repute a^ an 

a very minute tremor, communicated to efficacioua remedy in a number of dis- 

the'most elastic parts of the body, in eases; but at present it is seldom 

particular to the cheat, produces an asi- employed except in a very few. It ia 

Ution of the nervea, which is not wholly not untrequently had recourse to in 

unlike the effect of a weak electricity. palsy, contractions of the limhs, rheu* 

(183.) The txxlies of animals kklled matism, St. Vitus's dance, end some 

by electricity, rapidly undergo putrefac- kinds of deafness, and impaired vision; 

tion, and the action of electricity upon it hai also been applied to discu^H 1u< 

the flesh of animals is idso fbuna to mours, to remove obstructions, and to 

accelerate this process in a remarkable relieve pain. 

degree. The same effect has been ob- (186.) Electricity may be adminis- 

•erved in the bodies of persons do- tered medicinally in four different ways. 

alroy^ by lightning. It is also a well- The first and most gentle is under the 

established fact, that the bkiod does not form of a continued stream, or aura as it 

coagulate after death from this cause. istermed, derived from a wire or pointed 

(184.) It has not been determined piece of wood connected with the prime 

with any d^ee of certainty, whether conductor of the machine, held by an 

electricity, in its ordinary mode of ap- insulated handle, at the distance of one 

[jication, exerts any sensible influence ortwo inches from that part to which it 

on the functions of the animal system, b to be directed ; an impression is felt 

ihe A1ib4! Nollet persuaded himself, similar to a current of air; and in this 

from the experiments he made on man way it may be borne by parts of great 

and animals, that the perspiration was sensibihty, such as the eye. The se- 

increased during the time they were cond mode is by directing sparks of 

electrified; and De Boies bad noticed various sizes to the affected part, bj 

that the pulse vras quickened under the means of a metallic ball at the extremi^ 

same circumstance. But Van Marum, of abrass rod, which is within a moderate 

on repeating these experiments in a distance from the part ; or else by plac- 

variety of ways, met with such variable ing the patient on an insulating stool, 

and contradictory results, that he could and while he is in communication with 

deduce from them no satisfactory con- the prime conductor of the machine, 

elusion respecting the real operation of taking sparks from him by another per- 

electricity ; and, indeed, if we take into son with a metallic ball at the end of a 

account the powerful influence which rod which he holds in his hand. The 

the imagination enerts on moat persons siie end intensity of the spark will, of 

who are the subjects of such experi- course, be r^ulated by the distance at 

ments, as well aa on those who witness which the ball is placed fr.om the 

them, there appears but little chance, body, provided the machine be steadily 

amidst such multiplied sources of faJ- worked. The third mode is that by 

iJcy, of arriving at the ttulh. The shocks from the discharge of a Leyden 

only general fact, perhaps, which ap- phial, which is, of course, the most se- 

pears to be established, is that elec- vere and painful method of applying 

tricity acts aa a stimulant both to the electricity. Great caution is requi 

muscular and the nervous systems. against the indiscriminate applical 

(IBS.) When the energetic eff'ects of of this last method, which is not wh» 

the shock from the Leyden phial were free from danger. The fourth modi 

first made known, the most sanguine by Galvanism, hereafter to be notice 

expectations were immediately raised, , ^„ -„,.-.„ t? 

that electriciW would prove in agent * 5, EfecU qf Eleclncttv vpon Vet 

of conskleraMe power in the cure of tables. 

diseases. It was supposed that es a ' (18T.) It has also been imagined tl 

gtimuiant, it would have many advan- electricity acts as a stimulus to vegela 

tages over other remedies; for it can life: and many fanciful projects of i 

be administered in various degrees of provements in horticulture by the 

intensity, which may be regulated with of artificial electrici^ have been ent 

great exactness ; and its application tained. It is needless, however, to i 

can be directed especially to the organ large upon these visionary speeulatio 

we wish to affect, and can be limited to the fallacy of which has been sufficiei 

that organ, so as not to interfere with shown by the late Dr. Ingenhouz, wi 
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upon the most accurate inquiiyt found feeble electricitv exais no perceptible 

that the vegetation of plants was in no influence on either animal or vegetable 

sensible degree either promoted or re- life : but when transmitted in powerful 

tarded by common electricitv. The shocks, its destructive effects are simi- 

experiments of Van Mdrum, however, lar to those which are produced by 

in which be found that electricity in- lightning, 
creased the evaporation of plants, ap- 

Eear to be entitled to some confidence ; Chaptbr XII. 

ut still the effect observed, may, as he Instruments adapted to collect weak 
himself remarks, have been occasioned Electricity. 

by the increased current of air from the (191 ) Before we proceed to consider 

parts of the electnfied leaves. His the developement of electricity under 

observations on the mfluence of elec- various circumstances, it will be proper 

tncity on the sensitive plant, {Mimosa to give a description of several instru- 

DMrftca,) deserve also to be noticed, ^ents which have been contrived for 

The mere approach of an electrified the purpose of collecting and exhibiting 

cwiductor, whether chai^ with posi- ^eak degrees of electricity, that would 

tive or negative elecbncity, produced no otherwise escape detection. All these 
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cussions of a mechanical nature, and in understood by previously directinff our 

other respects the plant underwent no attention to the electrophorus. 

change. In the Hedysarum gyrans, a (192.) The instrument termed the 

plant remariiable for the continual ro- Elecfrophorus was invented about the 

tatory motions of its leaves, electncity year 1774 by Professor Volta, a name 

appeared to have no sensible influence ^hich is associated with many im- 

either in accelerating or retarding these portant discoveries in the science of 

movements. - , , „ , electricity. It consists of three parts: 

(188.) The paasage of shocks through the essential part, which supplies the 
living plants immediately destroys the electricity, being a cake of some electric 
vitality m the parts through which the substance, (E, /??. 39,) such as sulphur, 
shock has been sent It is, indeed, very \ r » 
easy to kill plants by means of elec- ^*^' 39. 
tricity. A very small shock, according 
to Cavallo, sent through the stem of a 
balsam, is' sufficient to destroy it. A 
few minutes after the passage of the 
shock, the plant droops, the leaves and 
branches become flaccid, and its life 
ceases. A small Leyden phial, contain- 
ing six or eight square inches of coated 
surface, is ^nerally sufficient for this 
purpose, which may even be effected by gum lac, sealing-wax, pitch, or other 
means of strong sparks from the prime resinous composition ; this is melted 
conductor of a large electrical machine, on a conducting plate S, called the 
The charge by which these destructive sole, which is formed with a rim to 
effects are produced, is probably too contain it, and the fluid then allowed 
inconsiderable to burst the vessels of to congeal. The third part of the ap- 
the plant; or to occasion any material paratus consists of a circular metallic 
derangement of its organization ; and, plate 0, provided with an insulating 
accordingly, it is not found, on minute handle fixed upon its upper surface, 
examination of a plant thus killed by This is called the cover ; and is some- 
electricity, that either the internal ves- times made of wood, covered on all 
sels or any other parts have sustained sides with tin-foil well rounded at the 
perceptible injury. edges to prevent the dispersion of elec- 

(189.) It appears from the experi- tricity. In order to bring the apparatus 

ments of Mr. Achard, that the fermen- into a state of activity, the surface of 

tation of vegetable matter is accelerated the oake is excited by friction with fur 

by electricitv. or flannel, and is thus rendered nega- 

(190.) The ceneral conclusion de- tively electrical. The cover, held by its 
ducible from these inquiries is, that - insulating handle, must now be placed 

s2 
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on the nk* : in thia siluatiun it doei received from the tubatanee to be tried 
not come sufficient!;? >" contact with by the first plate, acts bj induction on 
the cake to receive iti electricity, but the second plate, and occasions it to 
acijuire* by induction an opposite state acquiie the opposite electrical state : 
mt its lower surfoce, and a similar state thia latter state reacts upon the first 
■t its npper; that is, the cake being plate, increasing its capacity for the 
n^tative, the under side of the cover electncity whichithadfiratreceived, and 
will be positive, and the upper side tends to accumulate a la^^er tjuanlity 
negative. If, while in tliis state, the in it, which quantity it must derive fi-oni 
upper negative surface l>e touched with the sobslance with which it communi- 
the finger, or with any other conductor cates. This mutual action andreactioa 
communicating with the earth, a spark continues till an equilibrium is attained, 
will pass firom the latter to the cover. If the communication between the siib- 
ao as to restore the electric equilibrium; stance tried and the first plate be 
the qnantity of electricity thus super- broken off, and the plate thus msulated 
added bein^ retained in the cover by be removed from the contiguitv of the 
the inductive influence of the cake, second plate, the accumulated electricity 
But when the plate is raised, provided with wnich it a charged will become 
it l>e held by its insulating handle, the evident upon its application to an or- 
action of the cake t>eing withdrawn, the din^ry electroscope, such as those de- 
oover is found to Ik charged with post- scribed in i 13 and 14.' 
tive electricity, which may be imparted (19-1.) Various have been the forms 
to an insulated conductor, or to a Riven to the condenser, according to 
Z.eydenjar. This operation may be re- the fancy of electricians, without any 
peated an indefinite numl)er of times, change in the principle on which it 
since the electricity of the cake con- acts. In general, the two plates are 
tinues unimpaired during the proceKs, merely separated by a thin stratum of 
and thus may a cliarge be communi- air. Sometimes their surfaces are 
cated to the jar of an intensity equal to covered with a non-conducling varnish, 
that of the cover of the electrophorus which prevents any communication of 
when raised. The instrument has t)een electricity firom the one plate to the 
known, indeed, to rettun its power un- other, while it allows of a very near ap- 
diminished for months, and may there- proach of the plates to each other; but 
fore tje regarded as a sort of magazine this method is liable to objection, from 
of elechieity. It is obvious, that if (he the permanent electricity which the 
cover were simply placed on the cake, varnish sometimes contracts by friction, 
and again raised without previously and which may interfere with the re- 
touching it, it would then exhibit no gular operation of the instrument. One 
sign of electricity. If the sole of the of the most convenient forms is that of 
electrophorus be insulated, a spark may the condensing electrometer, (jlg-. 40,) 
be obtained (rom it, when the cake pjg_ 40. 

has been excited ; and if while placed 
on the cake the cover be touched wilh 
the finger, and at the samp Hmo fha 
sole be touched with the thu 
sible shock will be felt in ti 
the hand. 

(193.) Volta is also the i 
an instrument acting on the : 
ciple as the electrophorus, an 
turned the condetuer, of 
purpose is to collect a weak 
^>read over a larji;e surface, i 
of small dimensions, in whi 
tensity will be proportionably 
and therefore become capabl 
examined. A small meta 
connected with the subatanci 
the electricity is to be detei 
brought within a very small 1 
another plate communicatin 
e»rth. The imall portion of 



ELECTRICITY. B3 

(1 95.) The instruments called Dok- ous, vet, by a little pactice, the art is 
biers are so contrived, that by executing readily acquired, and the whole process 
certain movements, very small quantities need not occupy a minute. Great care 
of electricity communicated to a part must be taken in conducting these ex- 
of the apparatus may be continually periments, not to excite any dectricity 
doubled, until it becomes perceptible by the friction of the finder, or by any 
by an electroscope. The first invention other means, in the varnished sides of 
of this kind was that of Mr. Bennet, the plates. In order to obviate this 
which consists of three brass plates, source of error, Cavallo contrived a 
which we shall call A, B, and C. The form of the instrument, that enabled 
plate A has an insulating handle fixed the plates to be brought within a very 
in its centre, while the plate 6 has' a small distance of one another, yet 
similar handle fixed in its circumference, without actual contact, so as to enable 
The under side of A, and both sides of him to dispense altogether with the em- 
B are covered with varnish. The third ployment of varnish. But notwilh- 
plate C is also of brass, and is only standing every precaution of this kind, 
varnished on its upper side, the lower it is always found that the instrument ex- 
side communicating with the gold-leaf hibits electricity of itself, although none 
electroscope. The body whose electri- has been previously communicated to 
city is to be tried, is maide to communi- it : so that its indications cannot be at 
cate with the under side of the plate all depended upon for the detection of 
C, which touches the electroscope, very minute quantities of electricity. It 
while B is placed upon C, and then is unnecessary, therefore, to describe the 
touched with the finger: the communi- particular mechanisms invented by Dr. 
cation with the electrified body is then Darwin, and improved by Nicholson, 
removed, and B is lifted up by its insu- for bringing the plates into the requisite 
lating handle. A is then placed, by positions, and effecting in succession 
means of its handle, upon B thus ele- the necessaiy contacts, by the simple 
vated. A is ttien touched, and, after rotation of a winch, aided by wheel - 
withdrawing the finger, is separated work : instruments which have gone by 
from B. In this process B acquires an the names of the moveable, or revolving 
electricity contrary to that of C ; and A doubler, and the muUiplier of electn- 
an electricity contrary to that of B, that city, and which are now superseded in 
is, the same as that of C. If the plate practice by instruments more sensible 
A, thus electrified, be next applied to and certain in their operation, 
the under surface of C, and B be again 

applied over C, and touched witli the Chapter XIII. 
finger as before, it will bea^ted upon j^^^j ^^^ of Electndty by Chang. 
by the electricities contained both in C of Temperature and of Form, ^ 
and A, and thus acquu-e, by induction, j r j 
nearly double the quantity which it had (196.) There are certain mineral bo- 
done in the first operation. The con- dies, which, from being in a neutral 
sequence of this will be that nearly all state at ordinary temperatures, acquke 
the free electricities of A and C will be electricity simply by being heated or 
concentrated in C. A may now be re- cooled. This property is possessed only 
moved, and after withdrawing the finger by regularly crystallized minerals ; and 
from B, B may also be removed, and of these the most remarkable is the 
C will be left with double the quantity tourmalin, which is a stone of consi- 
of electricity which it had received from derable hardness, found m many parts 
the body with which it was originally of the world, and particularly in the 
made to communicate. island of Ceylon. The Dutch, who 

If after this duplication the electricity first became acquainted with it in that 

of the plate C be still too feeble to be island, gave it the appellation of As- 

indicated by the electroscope, the same cA(?wMAft«*, from its property of attract 
series of operations must be repeated ing ashes when it is thrown into the 
ten or even twenty times ; when by fire. It appears from the researches of 
doubling it every time, the smallest Dr. Watson, that its attractive proper- 



es 




will be augmented more than 600,000 pU Electricus, (Electric stone.) The 
times. Although the frequent repeti- form of its crystals is generally that of 
tion of the operations may appear tedi- a nine- sided prism, terminated by a 
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three-sided pyramid at one end, and by crystal are truncated, that is, ctfi off by 

a six-sided pyramid at the other. Le- planes, while the rest are either entire, 

mery noticed its electric properties in or are replaced by more than one plane, 

the year 1717; but the first scientific it is always the former of these angles 

examination of them was made by that become positive, and the latter 

iBpinus in 1756, and published in the negative. 

Memoirs of the Berlin Academy. He (198.) Similar properties are possess* 
found that when a crystal of tourmalin ed by the Topaz, which consists of 
has its temperature raised to between siliceous fiuate of alumina ; its electric 
100*^ and 212« of Fahrenheit, one ex- poles are situated upon the two opposite 
tremity, which is that terminated by the summits of the secondary crystal. In 
six-sided pyramid, becomes chareed some varieties, Hauy found a series of 
with positive electricity, while the other consecutive poles alternately positive 
extremity is negative ; so as to be capa- and negative. Axinite, Mesotype, and 
ble of affecting a delicate electroscope. Prehnite, become electrical by the ap- 
When the stone is of considerable size, plication of heat : as also the two fol- 
flashes of light may be seen along its lowing metallic oxides, namely Cala- 
surface. Mr. Wilson, who made many mine, which is an oxide of zmc, and 
experiments on this subject, observed Sphene, or calcareo-siliceous oxide of 
that a flat tourmalin retained its electri- titanium. Mr. Dessaignes has lately 
city without diminution, after exposure shown that all metallic bodies are capa- 
to intense heat for half an hour ; but ble of a feeble electric excitation by 
Canton, upon repeating these ei^ri* changes of temperature. It results 
ments, did not obtain the same result, from the researches of Hauy, that this 
Hauy states, that very high degrees electrical propertv in mineral bodies is 
of heat destroy the electricity of the intimately related to the laws of their 
tourmalin. After this has been effected, crystallization, and also to the direction 
it recovers its electricity as it gradually in which the light is most readily trans- 
cools : but in that case the elechic states mitted through them, 
are generally reversed ; that extremity, (199.) There are a great many sub- 
or pole, as it has been called, which stances which become electrified on 
was before positive, is now negative, passing from the liquid to the solid 
and vice versd. It is only at the sum- form. This happens to sulphur, gum 
mits of the pyramids, by which the lac, bee's wax, and in general all resi- 
crystal is terminated, that the electricity nous bodies. Unless proper precautions 
is manifested ; the intermediate por- be taken, however, we frequently obtain 
tions exhibiting no sign of electrical ex- no indications of this electncity, because 
citation, unless the stone be broken in it is usually disguised, that is, rendered 
pieces; and then each fragment is inactive by the opposite electricity of 
found to possess a positive and a nega- the contiguous substances. Thus, if 
tive pole, like the entire crystal. This sulphur iS melted over the fire in an 
fact bears a striking analogy to a cor- iron ladle, and then set by to cool and 
responding property in magnets. At harden, it exhibits no sign of electricity ; 
the ordinary temperature of the atmo- because the negative electricity of the 
sphere, the tourmalin may be rendered sulphur is exactly counterbalanced by 
electrical by fiiction. the positive electricity accumulated in 
(197.) There are several other gems the iron vessel which contains it. But 
and crystallized minerals which possess if the sulphur be removed from the 
the same property as the tourmalin, vessel, which may be done by again 
The luminous appearance of some dia- heating it for a short time, so as just 
monds, when heated, is ascribed by to melt the ^surface in contact with the 
Sir Humphry Davy to their electrical iron, and allow of its being detached 
excication. The substance called the when the ladle is inverted, on suffering 
Boracite, composed of borate of mag- the sulphur to cool in this situation, its 
nesia, which crystallizes in cubes, having electricity becomes very apparent If 
its edges and angles defective, becomes sulphm* oe melted in a wme glass, the 
electrical by heat, and in one variety conical shape of which admits of its 
presents no less than eight sides, alter- being taken out when cold, the opposite 
nately in different states ; that is, four electricities of the two surfaces will then 
pHOsitive and four negative ; the oppo- manifest themselves, that of the sulphur 
site poles being in the direction of the being negative, and Uiat of the glass 
axes of the crystad. In those varieties positive ; but when the sulphur is re- 
in which only four of the angles of the placed in the glass, all indications of 
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electricity disappear. The electricity hot iron» the electricity was very strongly 
developed by the process of cooling was positive. This difference in the resuU 
called by Wilke, who first observed it, was probably owing to the chemical de- 
spontaneous electricity, in contradistinc- composition of the water in the latter 
tion to that which, originating from experiment, a circumstance which, as 
friction, he called excited electricity, we shall presently see, is itself a source 
Van Marum, however, attributes the of electricity. It is principally on ac- 
electricity developed by the separation count of the interference of chemical 
of the two substances, to a species of actions with the regular operations of 
friction ; for he remarks, that the electri- temperature, and of llie complications 
city does not manifest itself till the sul- introduced by electric induction, that 
phur begins to contract in the act of con- experiments on this subject have hither- 
gelation, and that it attains its maximum to presented such anomalous, and, appa- 
at the point of the greatest contraction, rently, discordant results. 

(200.) It is reasonable to suppose 

that whatever change was produced in r* vr%r 

the electrical state by congelation, the chapter XIV. 

reverse would be produced by Uquefac- Detelopemefit of Electricity by Contact, 

tion. V^e are not aware of any ex. Compression, and other mechamcfd 

penments which bear direcUy upon this Changes in Bodies, and also Iw t/teir 

quesUon. . ^ ,. . Chemical Action. 

(201.) The conversion of bodies mto 

the state of vapour, as well as the con- (203.) It had long been suspected, 

densation of vapour, is generally attend- rather than proved, mat a feeble degree 

ed by some alteration of their electrical o{ electricity is evolved by the contact 

contfition; and the bodies in contact or collision of different metals; but this 

with the vapour are thereby rendered important fact was established in the 

electrical. Thus, if a plate of metal clearest manna- by Volta, about the year 

strongly heated be placed upon a gold- l^^l* The apparatus he employed in 

leaf electroscope, and water be dropped his investigations on this subject con- 

upon the plate, at the moment the va- sisted of two discs, the one of zinc, the 

pour rises the leaves of the electroscope other of copper, f^g. 41,) rather more 
diverge with negative electricity. The 

general fact was noticed by Laplace, Ffg. 41 
Lavoisier, and Volta, in the year 1781 ; 
and was found to extend both to solids 
and to liquids passing into a gaseous 
form. De Saussure made an extensive 
series of experiments on the ebullition 
of water and other fluids, with a view 
to ascertain the degree and kind of elec- 
tricity developed during this process, than two inches in diameter, ^ound 
But investigations of this kind are at- perfectly plane, and having in then- cen- 
tended with ^eat difficulty, from the tres insulating handles perpendicular to 
multitude ofmmute circumstances which their surfaces, by means of which the 
are liable to affect the results ; and we plates could be brought into contact, 
accordingly find, that different experi- without being actually touched with the 
ments of the same kind often afford the hand. With this precaution the discs 
most opposite conclusions. were made to approach till they touched 

(202.) In general it is found, that the one another ; they were then separated, 

vaporization of water by simple ebuUi- by keeping them parallel as they were 

tion produces negative electricity in the drawn back. The electricity they pos- 

remaining fluid, or vessel which con- sessed after this separation was then 

tains it : the vapour itself being positive, examined by means of the condenser ; 

On the contrary, when aqueous vapour and, that the effects might be rendered 

is condensed into water, it becomes ne- more distinct, the elecfricity produced 

gative, leaving the bodies with which it by a number of successive contacts, 

^v'as last in contact in a state of positive (taking care to restore the discs to the 

electricity. Yet in some of De Saus- neutru state after each contact,) was 

sures's experiments, when the heat was accumulated in the same condenser. It 

communicated to a quantity of water was constantly found that the copper 

contained in an insulated metallic ves- disc charged the condenser with n€«;a- 

sel, by throwing into it a mass of red- tive, and the zinc disc with positive efec- 
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trictty. Thus it was established as a many other substances, such as coi-k, 

general fact, that these two metals, m> bark, hairs, paper, and wood, possess 

sulated, and in their natural state, are the property of producing electricity by 

brought, by mutual contact, into oppo- compression. 

site electrical states ; the zinc acqumni;^ (206.) Manv substances, when re* 

positive electricity, and the copper be duced to powder, exhibit electricity, if 

coming, in an equal degree, negative. they are made to fall upon an insulated 

(204.) No explanation has yet been metallic plate. This fact was first no- 
given of this curious fact, which seems ticed by Mr. Bennet, after he had in- 
to be at variance with all the previously vented his gold-leaf electroscope. He 
ascertained laws of electric equilibrium, found that powdered chalk, put into a 
The transfer of electricity firom one me- pair of bellows, and blown upon the cap 
tal to the other during their contact, im- of the electroscope, communicates to the 
plies the operation of some new force instrument positive electricity, when the 
which no theory has yet embraced, pipe of the bellows is about six inches 
While the contact is preserved, neither from the cap ; but the same stream of 
of the metals gives any indication of its powdered chalk electrifies it negatively 
electrical state, the electricity being die* at the distance of three feet. On being 
guised; as would be the case of that of blown in a more copious stream from a 
the coatines of aLeydenjar, ifwe could pair of bellows without the pipe, the 
suppose them both in actual contact, electricity is always negative; and the 
but yet incapable of allowing any trans- same effect takes place when the powder 
fer of the electricity from the one to the is let fall from another plate upon the 
other, so as to restore both to the state cap of the instrument. This subject was 
of neutrality. pursued by Cavallo ; but the most com- 

We shall have occasion to resume the plete set of experiments relating to it is 

consideration of this curious subject in that of Singer, who employed in his re- 

the treatise on Galvanism, with the searches the two following methods : 

theory of which it appears to have an first, that of sifting the powders on the 

intimate relation. cap of a delicate electrometer through a 

(205.) There are some bodies which fine sieve, which was thoroughly cleaned 

are rendered electrical by pressure. This after each operation ; and secondly, that 

property is possessed in the most re- of brin^in^ an insulated copper plate 

markable degree by that transparent repeatedly in contact with extensive sur- 

variety of carbonate of lime which is faces of the powders spread on a dry 

known by the name of Iceland spar, sheet of paper ; the copper plate being 

According to Hauy, if a crystal of this brought m contact witii the condenser 

spar, which has the form of a rhomboid, after every repetition of the contact, 

be held in one hand by two of its oppo- imtil a sufficient charge was communi- 

site edges, and if at the same time two cated. 

of its parallel planes be lightly touched (207.) The following substances, ac- 
hy two fingers of the other hand, and cording to Singer, produce negative 
then brou^t near to the small needle of electricity when sifted on the cap of the 
theelectroscope,($ 12) a decided attrac- electrometer: visr. copper, iron, zinc, 
tion will be perceptible. By applying a tin, bismuth, antimony, nickel, black 
more powerful pressure, the electrical lead, lime, magnesia, barytes, strontites, 
effects will be still more considerable ; alumine, silex, brown oxide of copper, 
the electricity being in all cases positive, white oxide of arsenic, red oxide of lead, 
llauy observes that this property resides litharge, white lead, red oxide of iron, 
principally in those crystallme minerals acetate of copper, sulphate of copper, 
that are capable of being reduced by sulphate of soda, phosphate of soda, 
mechanical division to plane and smooth carbonate of soda, carbonate of am- 
laminse : such as the Topaz, especially monia, carbonate of potash, carbonate 
the colourless variety ; Euclase, Arra- of Ume, muriate of ammonia, common 
gonite, Fluate of lime, and Carbonate of pearl-ashes, boracic acid, tartaric acid, 
lead. Among those substances in which cream of tartar, oxymuriate of potash, 
friction excites negative electricity, theie pure potash, pure soda, resin sulphur 
are some which require only to be sulphuret of lime, starch, orpiment. 
pressed, for the production of the same (208.) The following substances pro- 
effect. An instance occurs in elastic duce positive electricity under the same 
bitumen, when it ha? been cat into a circumstance : viz, wheat flour, oat- 
proper shape for the experiment. Mr. meal, lycopodium, quassia, powdered 
becquerel has lately (^scovered that cardamom,charcQal, sulphate of potash. 
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nitrate of potash, acetate of lead, oxide itances that act distinctly upon each 
of tin. other electrically, aire IDcewise such as 

(209.) The following catalogue ex- act chemically, when their particles 
hibits the results of the experiments of have freedom of motion : this is the 
contact with a copper plate ; the dif- case with the different metals, with sul- 
ferent substances being arranged under phur and the metaJs, with acid and 
the head of the elec&icity they really alkaline substances. Of two metals in 
acquire, which is contrary to that of the contact, the one which has the greatest 
copper plate. Positive : lime, barytes, chemical attraction for oxygen acquires 
strontites, magnesia, pure soda, pure positive electricity, and the other the 
potash, common pearl-ashes, carbonate negative : so that if arranged in the 
of potash, carbonate of soda, tartaric order of their oxidability, as follows, 
acid. Negative : benzoic acid, boracic zinc, iron, tin, lead, copper, silver, gold, 
acid, oximc acid, citric acid, silex, platina, each will become positive when 
alumina, carbonate of ammonia, sul- brought into contact with any that fol- 
phur, resin. These experiments were low it in the series, and negative with 
several times repeated with uniform any of those which precede it. In con- 
results, tacts of acids with oases, as of crystals 
(210.) The above mode of electrical of oxalic acid with diy quicklime, the 
excitation is probably merely a species former is negative, the latter positive. 
" of friction, differing only from the more All acid crystals when tquched by a 
ordinary instances by the mode of its plate of ' metal render it positive, the 
application. But in other cases the crystals themselves l)ecoming negative. - 
electrical effects of contact are more (213.) Bodies that exhibit electrical 
distinctly exhibited, as when zinc filings effects by mutual contact, previous to 
are poured through holes in a plate of their chemical action on each other, 
copper, upon the cap of an electro- lose this power during combination, 
meter. Thus if a polished plate of zinc be made 
(211.) The following experiment, to touch a surface of dry mercury, and 
founded on one devised by Professor quickly separated, it is found positively 
Lichtenberg of Gottingen, is an elegant electrical, and the effect is increased by 
illustration of the opposite electrical heat ; but if it be so heated as to amal- 
states of different powders. With the gamate, that is, unite chemically with 
knob of a charged Jar, trace on the the mercury, it no longer exhibits any 
surface of a smooth plate of glass, or of signs of elecbicity. The case is analo- 
any resinous substance, various lines at gous with copper and sulphur ; and 
pleasure ; and then repeat the same iron, when applied to mercuiy, produces 
operation in other parts with the knob more electricity than zinc, apparently 
of a jar charged with the opposite from its l)eing incapable, under ordinary 
electricity. Let the surface thus pre- circumstances, of forming a chemical 
pared be gently dusted, by means of a combination with mercury, 
powder-puff, with a mixture of pow- (214.) On the other hand, there can 
dered sulphur and red lead, previously be no question that electricity is oc- 
triturated together in a mortar. By the casionally, if not universally, elicited 
contact and friction thus produced, the during chemical action. We have just 
sulphur has been rendered negative, seen tnat a dry acid becomes negative 
and the red lead positive ; and each of by contact witn a metal, which is con- 
the powders, when projected on the sec^uently thereby rendered positive. In 
plate, will attach itself to the oppositely this case no chemical combination had 
electrified lines, forming a series of red taken place. But Becquerel has shown 
and yellow outlines. It is also observ- that if the acid, instead of being in a 
able, that the configurations assumed dry crystalline form, be in a liquid state, 
by these and other powders differ ac- and capable of acting chemically on the 
cording to the species of electricity im- metal, the acid will become positive and 
pressed upon the plate ; positive dec- the metal negative. The same conclu- 
tricity producing an appearance resem- sion may also be deduced from the 
bling feathers, and negative electricity experiments of Lavoisier and Laplace, 
an arrangement more like stars. on the action of dilute sulphuric acid 
(212.) The most important circum- on iron filings. That the oxidation of 
stance in this inquiry, is the connection metals gives rise to electricity has been 
between electricity and the chemical also shown by the experiments of Dr. 
properties of matter. It is observed by Wollaston, from which it would appear 
air H. Davy, that most of the sub- that the electricity obtained in the com* 
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mon «leetrical machine is derived prin- mime that electricity is essentially con- 

dpally from this source. When he cerned in the processes that are carried 

employed as the rubbing substance an on in the living system both of animals 

amalgam of silver or of platina, which and vegetables. In the animal economy 

are metals very little subject to oxida more particularly, the operation of this 

tion, he could obtain no electricitv. An agent is indicated in the processes of 

amaJgam of tin, on the other hand, sup- secretion, in the actions of the muscles 

plied a large quantity of electricity, and nerves, and probably, indeed, in all 

Zinc acts still better than tin ; but the the vital functions. There are several 

best amalgam for this purpose is made kinds of fish, which are endowed with 

with both tin and zinc, a mixture which the power of accumulating large quan- 

oxidates more readily than either metal titles of electricity, which they can dis- 

separately. As a further trial whether charge at pleasure through conducting 

oxidation assists in the production of bodies that come in contact with them, 

electricity, a small cylinder with its and thus communicate powerful shocks, 

cushion and conductor was arranged in This power is possessed in an eminent 

a vessel so contrived that the contained degree by the torpedo, which is a species 

air could be changed at pleasure. After of ray ; but it is also met with in ^e 

ascertaining the d^;ree of excitement Gymnotus electricus, the Silurus electri- 

produced in atmospheric air, carbonic cus, the Trichiurus indicus, and the 

acid was substituted, but the excitement Tetraodon electricus. But as this, as 

could not be renewed ; while it was im- well as other subjects relating to animal 

mediately reproduced on the readmission electricity, involve considerations which 

of common air. It must be acknow- properly belong to Galvanism, we must 

ledged, however, that Sir H. Davy, in defer treating of them until this branch 

repeating these experiments, arrived at of electrical science is before us. 
opposite results ; for he states, that the 

machine acted equally well in hydrogen Chapter XV 

gas as in atmospheric air, and was even m ^ • '^ ^ *i: >#^ i 

more active in carbonic acid gas, a cir- ^^^ctrtctty of the Atmosphere. 

cumstance which he attributes to the (217.) As the subject of atmospheric 

greater density of this gas. electncity is more especially a branch of 

(215.) Electricity is often developed the science of Meteorology, we shall con- 
by processes quite independent of che tent ourselves, in this place, with a very 
mical chances. This is evident from its hi ief outline of the principal facts relat- 
production Dy the friction of two bodies ing to it. 

of the same kind upon one another, (218.) The atmosphere is very gene- 
as has been already noticed, ($ 35 ;) and rally in an electrical state. This may be 
also by the strong electricity which is ascertained by employing a metallic rod 
manifested on the separation of the elevated to someheight above the ground, 
parts of the same body. Ilius, if a and communicating at its lower end, 
piece of dry and warm wood be suddenly which should be insulated, with an elec- 
rent asunder, the two surfaces which troscope. In order to collect the elec- 
have separated are found to be elec- tricity of the higher regions of the air, a 
trifled, the one positively, the other kite may be raised, in the string of which 
negatively ; and a flash of light is per- a slender metallic wire should be inter- 
ceived if the experiment be made in the woven, so as to conduct the electricity, 
dark. The same phenomenon is ob- If the electroscope be sufficiently sensi- 
served when the plates of mica (Mus- ble it will usually indicate the prevalence 
covy glass) are suddenly torn asunder ; of positive electncity in the atmosphere, 
and even when a stick of sealing-wax is the intensity of which increases accord- 
broken across ; the two surfaces of mg as the stratum examined is more 
fracture being in each case positive and elevated. In the ordinary state of the 
negative respectivdy. Dr. Brewster atmosphere its electricity is invariably 
discovered that the fracture of the un- found to be positive : and is stronger in 
annealed glass tears, called Prince Ru- winter than in summer ; and during the 
perfs drops, was attended with the evo- day than the night. From the time of 
lution of electrical light, which pervaded sunrise it increases for two or three 
the whole drop, so that its form was hours, and then decreases towards the 
distinctly visible in the dark. The light middle of the day, being generally weak 
appears even when the experiment is est between noon and four o^clock. M 
made under water. the sun declines its intensity is again 

(216.) There is every reason to pre- augmented, till about the time of sun* 
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set, after which it diminishes, and con- bristling up of some loose fibres on the 
tinues feeble during the night In cloudy hempen cord ; he immediately presented 
weather the electrical state is much more his knuckle to the key, and received an 
uncertain ; and when tliere are several electric spark. Overcome with the emo- 
strata of clouds, moving in different tion inspu^ by this decisive evidence of 
directions, it is subject to grep.t and the great discoverv he had achieved, he 
rapid variations, changing sometimes heaved a deep sign, and conscious of an 
from positive to negative, and back immortal name, felt that he could have 
again, in the course of a few minutes, been content if that moment had been 
On the first appearance of fog, rain, his last The rain now fell in torrents, 
snow, hail, or sleet, the electricity of the and wetting the string, rendered it con- 
air is generally negative, ana often ducting in its whole length; so that 
highly so ; but it afterwards undei^oes electric sparks were now collected from 
frequent transitions to opposite states, it in great abundance. 
On the approach of a thunder-storm It should be noticed, however, that 
these alternations of the electric condition about a month before Franklin had made 
of the air succeed one another with re- these successful trials, some philoso- 
markable rapidity. Strong sparks are phers, in particular Dalibard and De 
sent out, in great abundance, from the Lors, had obtained similar results in 
conductor ; and it becomes dan^ous to France, by following the plan recom- 
prosecute experiments with it m its in- mended by Franklin. But the ^lory of 
sulated state. the discoveiy is universally given to 
(219.) The analogy between the elec- Franklin, as it was from his suggestions 
trie spark, and more especially of the that the methods of attaining it wers 
explosive discharge of the Leyden jar, oiiginally derived, 
withatmosphericlightfdng and thunder, (220.) This important discovery waA 
is too obvious to have escaped notice, prosecuted with great ardour by philo- 
even in the early periods of electrical sophers in every part of Europe. The 
research. It had been observed by Dr. first experimenters incurred consider- 
Wall and by Gray, and still more point- able risk in their attempts to draw down 
edly remarked by the Abbe NoUet. Dr. electricity from the clouds, as was soon 
Franklin was so impressed with the proved by the fatal catastrophe, which, 
many points of resemblance between on the 6th of August, 1753, befel 
lightning and electricity, that he was Professor Richman, of Petersburg, 
convinced of their identity, and deter- whose name has already been before us, 
mined to ascertain by direct experiment ($ 123.) He had constructed an appa- 
tiie truth of his bold conjecture. A ratus for observations on atmospherical 
spire which was erecting at Philadel electricity, and was attending a meeting 
phia he conceived might assist him in of the Academy of Sciences, when the 
this inquiry ; but, while waiting for its sound of distant thunder caught his ear. 
completion, the sight of a boy*s kite. He immediately hastened home, taking 
whicn had been raised for amusement, with him his engraver, Sokolow, in 
immediately suggested to him a more order that he might delineate the ap- 
ready method of attaining his object, pearances that should present them- 
Havmg constructed a kite by stretching selves. While intent upon examining 
a large silk handkerchief over two sticks the electrometer, a large globe of fire 
in the form of a cross, on the first ap- flashed from the conducting rod, which 
pearanoe of an approaching storm, m was insulated, to the head of Richman, 
June 1752, he went out into a field, and passing through his body, instantly 
accompanied by his son, to whom alone deprived him of me. A red spot was 
he had imparted his design. Having found on his forehead, where the dec- 
raised his kite, and attached a key to the tricity had entered, his shoe was burst 
lower end of the hempen string, he in- open, and part pf his clothes singed, 
sulated it by fastening it to a post, by His companion was struck down, and 
means of sUk, and waited with intense remained senseless for some time ; the 
anxiety for the result A considerable door-case of the room was split, and thp 
time elapsed without the apparatus door itself torn off its hinges, 
giving any sign of electricity, even al- (221.) The protection of buildings 
though a dense doud, apparently charg- firom the effects of lightning, is the most 
ed with lightning, had passed over the important practical application of the 
spot on which tliey stood. Franklin was theory of electricity. We have only 
iust beginning to despair of success, room for a few observations on the 
lo'Uen his atUation was caught by the principles on which conductors for this 



eo ELECTRICITY. 

purpose ihould be constructed. Hie^ are connected. To this class belong 
should be formed of metallic rods, heat, li^ht, electricity, and magn3tism : 
pointed at the upper extremity, and each of which, respectively, produces 
placed so as to project a few feet above certam changes on material bodies, either 
the highest part of the building they are of a mechanical or chemical nature, 
intend^ to secure ; ihey should be con- which it is natural to regurd as the 
tinned without interruption till they de- efiPects of motion conununicated by the 
scend into the grouno, below the foun- impulse of material agents, of so subtile 
dation of the house. Copper is prefer- and attenuated a kind, as to elude all 
able to iron as the material for their detection when wc apply to them the 
construction, beingless liable to destruc- tests of gravity or inertia. If we admit 
tion by rust, or by fusion, and possessing heat and light to be material, analogy 
also a greater conducting power. The will lead us to ascribe the same charac- 
size of the rods should be from half an ter to dectricity and to magnetism, not- 
inch to an inch in diameter, and the withstanding their being imponderable, 
point should be giit, or made of platina, (223.) But the materiality of electri- 
that it may be more effectually preserv- city has also been maintained on other 
ed from corrosion. An important con- grounds. The pungent sensation of the 
dition in the protecting conductor is, that electric spark, the smart blow which 
no interruption should exist in its con- accompanies the shock, the vivid line of 
tinuity from top to bottom : and advan- light which marks its course, the varied 
tage will result nrom connecting together sounds which attend its passage through 
by strips of metal all the leaden water the air, and the irresistible fury with 
pipes, or other considerable masses of which it bursts asunder the densest 
metal in or about the building, so as to textures, all seem to denote the mecha- 
form one continuous system of conduc- nical effects of sudden arid powerful im- 
tors, for carrying the electricity by dif- pulse ; all seem to imply the rushing of 
ferent channels to the ground. The a stream of fluid possessed of momentum 
lower end of the conductors should be adequate to produce these energetic mo- 
carried down into the earth till it reaches tions. Can we refuse to ascribe the cha- 
either water, or at least a moist stratum, racter of materiality to that which we 

For the protection of ships, chains not only see and hear, but feel also ? 
made of a series of iron rods linked (224.) Iliis argument has been en- 
together, are, by their flexibility, most deavoured to be strengthened by a va- 
conveniently adapted. They should ex- riety of experiments, from winch the 
tend from the highest point of the mast communication of impulse in a particu- 
some way into the sea, and the lower lar direction with respect to the species 
part should be removed to some dis- of electricity has been inferred. The 
tance from the side of the ship, by a stream of air, which proceeds from a 
wooden spar or outrigger. pointed conductor when electricity is 

The air of close rooms, vitiated by issuing from it, appears as if the air 

respiration, is found to be negatively were carried forward along with the 

electrified. electric fluid. The direction of its mo- 

p yyy tiou is still morc decidedly indicated by 

/ni. ^- ^^^^'^^j^Y' the different luminous appearances which 

Theoretical Vtnvs of the Nature of accompany the escape of the fluid from, 

rjlectrtciiy. or its reception by, a pointed conductor. 

(222.) The preceding history of the (Seey^.23.) We have already had oc- 

phenomena rdating to electricity, may casion to notice the manner m which 

prepare us for the discussion of some in- this curious fact appears to support 

teresting inquiries concerning the real the hypothesis of Franklin, implying the 

nature of this powerful and mysterious singleness of the electric fluid, (J 98.) 

agent, and the theory of its operation. (225.) The following experiment has 

The first question that presents itself also been adduced by Cavallo and by 

is with respect to its materiality. Besides Singer, in support of the same opinion, 

the well-known mechanical forces which Place on the table of the universal dis- 

belong to ordinary ponderable matter, charger a card bent lengthwise over a 

the phenomena of nature exhibit to our ruund ruler, so as to form a hollow cy- 

view another class of powers, the pre- lindrical groove ; or, what is still letter 

sence of which, although sufficiently two straight sticks of sealing-wax, laia 

characterised by certain effects, is not parallel to each other, so that the junc- 

attended with any appreciable change in tion of their rounded edges may form a 

the weight of the bodies with which tliey groove. In this groove place a pith-ball 
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of about half an inch in diameter, and of an inch wide for it to stand upon» but 

arrange the wires of the discharger with so that it mi^ be overthrown by the 

ttieir points in the direction of the groove, smallest impulse ; and the pointed wires 

and at four inches from each other, the of the universal discharger be brought 

ball being equally distant from each. On opposite to each other, and about a 

passing a small charge from one wire to quarter of an inch below the upper edge 

the other, the bidl will be driven from of the card, which stands at an equal 

the positive to the negative wire, and this distance between them ; on connecting 

effect will be constant if the wires ter- the wires with a machine, or with an in- 

minate in points ; but if they are knob- sulated jar, so as to effect an electric 

beid, the ball frequently vibrates between discharge between them, the card wiU 

them, because the influence of the at- be thrown down, and will constantly 

tracting surfaces upon the ball interferes fall from the positive, and towards the 

with the regularity of the effect, and often negative wire. 

renders the result equivocal. (228.) The determination of a stream 

(226.) The mature and place of the of electrified air in this direction is also 

perforation effected in a card by the rendered very sensible by the motions of 

passage of an electric charge, of which smoke or vapour placed in the circuit 

we have already given an account ($159), of the electricity. Thus the flame of a 

appear to favour the same view of the taper placed between two oppositely 

subject. The following experiment, also, electrified balls will constantly be blown 

shews that the impulse is communicated frt)m the positive to the negative side, 

most forcibly in me direction frt)m the Fig, 43 represents two hollow metallic 

positive towards the negative conductor. „. 

A light float-wheel, the vanes of which ^^' ^^' 
are made of card paper, inserted in the 
circumference of a cork turning freely 
on a pin passed through its centre as an 
axle, will be put in motion by presenting 
to it an electrified point, apparently in 
consequence of the mipulse of the stream 
of air which issues from the point. 
Whether the point be positively or nega- 
tively electrified, the direction of the 

motion, as well as of the stream of air, is , 

always the same. But if the wheel be balls, about three quarters of an mch m 

placed on an insulating stem, as in fig. diameter, insulated on separate glass 

42, and introduced between the pointed pillars, by which they are supported at 

p- ^2 8- distance of two inches from each other: 

2' I the upper part of each ball is hollowed 

into a cup, into which a small piece of 
phosphorus is to be put A small candle 
has its flame situated mid-way between 
the balls, one of which is connected with 
the positive, and the other with the nega- 
tive conductor of the machine. When 
the balls are electrified, the ^ flame is 

wires of the universal discharger, which agitated, and inclining towards the one 

are to be placed as accurately as possible which is negative, soon heats it suffi- 

opposite to each other, and at the distance ciently to set fire to the phosphorus it 

of an inch or more fix)m the upper vanes ; contains, whilst the positive ball remains 

on connecting one of the wires with the perfectly cold, and its phosphorus un- 

positive, and the other with the negative melted. On reversing the connections 

conductor of an electrical machine, and of the balls with the machine, the phos- 

exciting it, the wheel will move as if im- phorus in the other ball will now be 

pelled by a stream from the positive to heated and will inflame. . 

the negative wire. On reversing the (229.) However plausibly it may have 

connections, so that the electricity of been inferred, from a superficial view 

each wire is changed, the motion of the of these facts and experiments, that the 

wheel will likewise be reversed. electric fluid actually possesses momen- 

(227.) If a card be placed vertically, turn, and that it moves in a particular 

by inserting it in a small piece of cork direction, a more rigid analysis of the 

that may form a base of about a quarter phenomena will show that they in no 
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degree warrant such an inference. All quire upon what principle these remark- 

the mechanical effects that attend the able differences m the phenomena of 

transfer of electricity are ultimately re- positive and of negative electricity can 

solvable into the sudden action of a be accounted for, consistently with eitber 

repulsive power exerted among the par- hypothesis. 

tides of matter which are situated in the (231 .) On an attentive examination ol 
line of its course. Thcr are only parti- the phenomena they appear to be expli* 
ticular instances of the nindamental law sable on the supposition that the air, or 
of electric action, that bodies charged medium through which the electricity 
with &e same kind of electricity repel passes, is, in the language of one theory, 
one another. Thus the particles of more disposed to admit of the passage 
air electrified by a pointed conductor of the vitreous than of the resinous eiec 
are repelled by that conductor, and tricity; or, to speak consistently with 
repel it also ; and, moreover, repel one the FrankUnean theory, that it is more 
another: and the same effect takes disposed to receive the electric fluid 
place whether their electric state be of from a conductor which i» charged with 
the positive or negative kind. Hence it, than to part with it to an undercharged 
the stream of air which proceeds from conductor which absorbs it The con- 
any dectrified point is very naturally sequences of this hypothesis are, that the 
accounted for. If the quantity of dec- vitreous dectricity meets with less re- 
tricity which is transferred is consider- sistance in passing out from a body into 
able, it excites a more violent conuno- the air, and is therefore carried forward 
tion among the particles which it in- more readily and more diredly than the 
fluences in its passage. The intense resinous electricity. The latter, in con- 
energy of its repulsive action produces sequence of meehng with peater resist- 
the most sudden and forcible expansion ance to its exit, is more diffused in the 
of that portion of the air which ocotipies surrounding space, 
this line ; this air thus expanding must On the Franklinean theory the same 
be impdled laterally agamst the sur- effects will follow with reference to the 
roundmg particles, and must occasion propulsion of the dectric fluid from the 
their sudden compression. The evolution positive, and its absorption by the nega- 
of heat and light is the necessary conse- tive body. 

auence of this violent compression ; and (232.) That the peculiarity of the me- 

le vibratory impulse being propagated chanical effects of the different species 

in all directions is the source of the sound of electridty depends upon the proper- 

which attends the electric explosion. The ties of the air, which is the vehicle of 

sensation to which the passage of the dec- its agency, and not upon any specific 

trie shock through our bodies gives rise, is power in the agent itself, is shown by a 

also, evidently, referable to an impression modification of the experiment described 

made on the nerves bjr the same repul- in } 159, in which a varnished card, 

sive action. In all this we can discern suspended between two conductors, 

no positive proof of the operation of a was perforated at the point where it was 

material agent extraneous to the body touched by the negative wire. ()n re- 

itself and acting by mechanical impulse, peating the same experiment under the 

The materiality of electricity, therefore, receiver of an air-pump, Mr. Tremery 

must still rest upon a similar foundation found, that in proportion as the air is 

with that of heat, or of light. exhausted, the place where the card is 

(230.) If the dectric power, or fluid, perforated by the electric shock ap- 

if we choose to consider it as such, does proaches nearer to the positive wire, 

not act by its mechanical momentum, the When the pressure of the air is reduced 

arguments in favour of the motion of a to one-half, the hole is at the middle 

single fluid from the positive to the nega- point between the two wires. At every 

tive body, derived from the appearances discharge, a flash is seen to pass from 

of the streams of electric light, ({ 97, 98,) each conductor to the place of perfora- 

the impulsion of a pith-baH, (} 225,) the tion. The curious appearances pe- 

perf oration of a card, (} 159,) the rota- sented by the edges of the perforations 

tion of a windmill, (§ 226,) and the de- made in the leaves of a quire of paper, 

termination of the flame of a taper ($228) already detailed (J 160, 161,) are not 

in one constant dkection, must fall to the reconcileable with the supposition of 

ground, and can evidently be of no avail a mechanical impulse acting only in one 

m deciding the great c^uestion, whether direction, but indicate the equal repul- 

there be two electric fluids or only one. sive action of both kinds of electricity, 

But, still, it is incumbent upon us to in when the disturbing influence of the 
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air is withdrawn. It is a confirmation 
of this hypothesis, respecting the pecu- 
liar kind of obstruction which air op- 
poses to the passage of electricity, that 
other substances have been discovered 
in which a similar property exists. Mr. 
£nnann, of Berlin, has found that the 
flame of alcohol is possessed of a greater 
conducting power with regard to posi- 
tive, than to negative electricity* Alka- 
line soap, on the contrary, conducts ne- 
gative electricihr better than positive; 
and will, therefore, serve to insulate a 
feeble degree of the latter, at the same 
time that it permits the passage of the 
former. 

(233.) It has always been urged as a 
strong objection to the theory of a single 
electric fluid, that it necessarily involves 
the condition of a mutual repulsion 
among the particles of ordinary matter. 
See § 52. Before attempting to combat 
this objection, it will be proper to enter 
into a somewhat fuller illustration of the 
position than we have already done;, 
and for this purpose we shall avail our- 
selves of the assistance of a few dia- 
grams, calculated to aid our conceptions 
of the forces concerned in the mutual 
actions of electrified or neutral bodies. 
For the sake of greater distinctness, we 
shall suppose the whole of the matter 
in the body, of which we are studying 
the actions, to be concentrated m a 
small space, and we shall represent this 
matter by a black square. In like man- 
ner, we shall suppoise that the whole of 
the electric fluid contained in the same 
body is condensed into a small space, 
denoted by a white circle. The mutual 
actions of the matter or electric fluid in 
two adjacent bodies, are expressed by 
lines passing from the one to the other 
respectively ; the attractions being dis- 
tinguished by unbroken lines, and the 
repulsions by dotted lines. 

(234.) Fig, 44 represents a body B in 

%.44. 
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and towards it, it is evident that the 
body wDl neither acquire nor lose elec- 
tricity, but remain quiescent, wheUier 
it be insulated or not 

(235.) The state of the forces ope- 
rating between two similar neutral 
bodies is shown in ^. 45. Here it 

Fk'g. 45. 





a neutral state of electricity, by which 
is to be understood, that the quantity 
of fluid it contains exists in a propor- 
tion so exactly adjusted to the quantity 
of matter, as that its repulsion for a 
particle F of electricity at any distance, 
precisely balances the attraction of the 
matter for that same partide. While 
this equihbrium is preserved among the 
forces which would impel any electric 
fluid external to the body botn from it 



follows^ow* the condition of neutrality ^ 
as above defined^ that the two attractive 
forces, denoted by the two whole lines, 
are each of them equal to the repulsive 
force between the two fluids, denoted 
by the upper dotted line. Actuated by 
these forces only, therefore, the two 
bodies would attract each other. The 
addition of a second repulsive force be- 
tween the two portions of matter, as 
represented by the lower dotted Une, is 
therefore necessary to account for the 
state of equilibrium which we find, 
under these circumstances, really ob- 
tains. Some persons hav(? conceived, 
that by assuming the repulsive force of 
the electric particles to be double th6 
attractive forces of the same particles 
for matter, the equilibrium might be 
explained without having recourse to 
the mutual repulsion of the particles of 
matter : forgetting, that such an as- 
sumption is incompatible with that of 
the neutral state of the bodies, which 
is the condition under which we are now 
examining them. 

(236.) The repulsion of two bodies, 
each containing twice the quantity of 
electric fluid rec^uisite for the saturation 
of their respective matter is illustrated 
by/g^. 40. All the forces represented 

Fig»46. 
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by the lines must, from the hypothesis, 
be regarded as equal in point of in- 
tensity : but the number of repulsive 
forces is as five, while that of the at- 
tractive forces is only as four: the 
former therefore will prevail. 

(237.) Precisely the same result will 
obtain in the case of two negatively 
electrified bodies, in which, as repre- 
sented in Jig, 47, the quantity of matter 

Fig, 47. 
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is twiee as much as the fluid can satu- 
rate. In the former case it was the 
repulsion between the two portions of 
fluid which were in excess that de- 
stroyed the equilibrium ; while in this 
case the same effect is produced by the 
mutual repulsion of the unsaturated 
portions of matter. 

(238.; Lastly, we may collect from 
an examination otjtg. 48, where a body 

Fig. 48. 




positively electrified is supposed to be 
placed near one that is negatively elec- 
trified, that the ultimate effect will be 
determined by the attraction between 
the fluid in excess in ttie former, and 
the unsaturated matter in the latter : 



all the other attractions and repulsions 
exactly compensating each other. 

(239.) It IS a ^at, though a com- 
mon error to imagine, that the condition 
assumed by iiGpinus, namely, that the 
particles of matter, when devoid of 
electricity, repel one another, is in op- 
position to the law of universal gravi- 
tation established by the researches of 
Newton ; for this law applies, in every 
instance to which inquiiy has extended, 
to matter in its ordinary state, that is, 
combined with a certain proportion of 
electric fluid. By supposing, indeed, 
that the mutual repulsive action be- 
tween the particles of matter is, by a 
very small quantity, less than that 
between the particles of the electric 
fluid, a small balance would be left in 
favour of the attraction of neutral 
bodies for one another, which might 
constitute the very force which operates 
under the name of gravitation: and 
thus both classes of phenomena may 
be included in the same law. 

(240.) An objection has been urged 
by Biot against the hypothesis of a 
smgle fluid, on the ground that it im- 
plies an equal degree of attraction be- 
tween the fluid and every species of 
matter, whereas in the case of other 
agents, such as heat and magnetism, 
the degree of their attraction is very 
different towards different kinds of 
matter. This objection does not apply 
to the hypothesis of the two fluids, tor 
they are assumed as acting independ- 
ently of any specific attractions for the 
bodies which contain, them : hence their 
distribution in those bodies follows the 
same law, whatever be the specific 
nature of the materials of which the 
Ifltter are composed. 

(241 .) We arrive, then, at the conclu- 
sion that there is no fact in electricity 
which cannot be explained on either of 
the two hypotheses : but to which side 
the balance of probabilities may incline, 
when the respective merits and dements 
of each are taken into account, remains, 
perhaps, to be decided more by the 
taste than the judgment of the inquirer. 
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Chapter I. y^^^ 1790, that his wife, being con- 
sumptive, was advised to take, as a 

Origin of Galvanism. nutntive article of diet, some soup made 

of the flesh of frogs. Several of these 
(1.) The term Galvanism is em- animals, recently skinned for that pur- 
ployed to designate a peculiar form of pose, were lying on a table in the labo- 
electric agency, elicited under particular ratory, close to an electrical machine, 
circumstances, and capable of produc- with which a pupil of the professor was 
ing certain effects on bodies, not usually amusing himself in trying experiments, 
resulting from the ordinary modes of While the machine was in action, he 
excitation. The first notice that we chanced to touch the bare nerve of the 
find of any phenomenon referable to this leg of one of the frogs with the blade of 
branch of electricity, occurs in a meta- the knife that he held in his hand; when 
physical work, published in 1767, and suddenly the whole limb was thrown 
entitled, The General Theory of Plea- into violent convulsions. Galvani was 
sureSf by a German writer of the name not present when .this occurred, but rc- 
of Sulzer, who observed, that by apply- ceived the account from liis lady, who 
ing two metals, one above, and the other had witnessed, and had been struck 
below the tongue, and then bringing with the singularity of the appearance, 
them into contact, a peculiar taste was He lost no time in repeating the expe- 
perceived. He ascribed this sensation riment, in examining minutely all the 
to some vibratory motion, excited by circumstances connected with it, and in 
the contact of the metals, and commu- determining those on which its success 
nicated to the nerves of the tongue, depended. He ascertained that the con- 
Content with this loose and fanciful vulsions took place only at the moment 
explanation, Sulzer appears to have when a spark was drawn from the prime 
pursued the inquiry no farther ; and the conductor, and the knife was at the same 
curious fact he had announced remained time in contact with the nei^e of the 
for many years unnoticed, until the at- frog. He next found that other metallic 
tention of the philosophic world was bodies might be substituted for the 
drawn to the subject, by the discovery knife ; and very justly inferred that they 
of Galvani. Important discoveries in owed this property of exciting mus- 
science seem often to arise from ac- cular contractions to their being good 
cident ; but, on closer examination, it is conductors of electricity, 
found that they always imply the exer- (2.) Far from being satisfied with 
cise of profound thought. As the fer- having arrived at this conclusion, it only 
tility of the soil is essential to the germi- served to stimulate him to the further 
nation and growth of the seed which investigation of this curious subject; 
the wind may have scattered on its sur- and his perseverance was at length re- 
face, so it is principally from the quali- warded by the discovery, that similar 
ties of mind in tne observer that an convulsions might be produced in a frog, 
observation derives its value, and may independently of the electrical machine, 
be made eventually to expand into an by forming a chain of conducting sub- 
important branch of science. This has stances between the outside of the mus- 
been remarkably exemplified in the ori- cles of the leg, and the crural nerve, 
gin of galvanism. Its . founder. Gal- Galvani had previously entertained the 
vani, was professor of anatomy at idea that the contractions of the muscles 
Bologna, and had early distinguished of animals were in some way dependent 
himself by his attainments and his zeal on electricity ; and as these new expe- 
in his profession, and esi)ecially by the riments appeared strongly to favour 
ardour with which he cultivated com- this hypothesis, he with great ingenuity 
parative anatomy. It happened, in the applied it to explain them, He coov- 
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pared the muscle of a living animal to a used to designate that particular form 

Leyden phial, chained liy the accumula- of electrical agency, which ia llie subject 

ticn of electricity on its ifurface ; while of the present treatise. 
he conceived that the nerve belonging Previouslj' to our entering into a de- 

to it perfarracd the function of the wire tailed exposition of the facts relating to 

coram unicaling with the interior of the this science, and of (he theories which 

phial, which would, of course, Ik cha:^d have been proposed for their explana- 

negalively. In this stale, whenever a tion. it will be necessary to direct our 

communication was made, by means of attention to the nature of those arrange- 

a Hubstanee of high conducting power, ments of bodies, which are the aouices 

between the surface of the muscle and of galvanic poirer. 
the nerve, the equilibrium would be in- 
stantly restored, and a sudden contrac- 
tion of the fibres would be the conse- Chaptbe II. 

(3.) The discoveries of Galrani were ^'"^^ Galvanio Cirela. 

no sooner made known to the scientific (4.) Tbk process usually adopted for 
world, than Ihey eioited very general obf^ning galvanic electricity is to inter- 
inlerest ; and philosophers in every pose between two plates of different 
country m Europe vied with each other tinds of metal a fluid capable of eitert- . 
in repeating his experiments in varying ing some chemical action on one of the 
!iril\ r^'f i" "T' '"'^ '" '"''^"': P'^'*"- "^Ue W. has no action, or at least 
ing all kinds of hypotheses to account a different one, on the other plate: and 
ZJ^, phenomei*. Some regarded then to establish a communication be- 
Iheraas the effects of a new and un- tween the plates at some other part, 
known agent, ditfenng altogether from either by their direct contact wVo^e 
electncily; while others, «loptmg the another, or by the intervention of con- 
»iriS,K,Tr'.''^"lf' '*'*"' '"^ ducting substances. Let us take, for 
eteetncaJa-ut a Inbuted them to a pe- cxampTe, a plate of zmc, Z, and another 
cuhar modification of that power, re- of copper, C. {fig- D ^d immerse 
SKling in the^imal system only, and '^ ' ■ '^«- ' '"'" uumerse 

which-they acc»iingly distinguished by '«• '■ 

. the name of A^i/m^ Elealricity. But ' J^-^ 

the discovery of TKv facts contributed ^ 

more and more to multiply and strengthen 

the analogies tietween galvanism and i/ 

electricity: till at length all douM of 
the identity of the agent concerned ML 
.all these' phenomena was removed by" 
the discovery of the Galvanic, or Vol- 
laic Pue." Whatever share accident 
may have had in the original discovery 
of Galvani, it is certain that the inven- 
tion ofihe pile, an instrument which 
has most materially contributed to the 

extension of our knowledge in this them, to a certain depth only, in diluted 
branch of physical science, was purely sulphuric acid. A, contained in a glass 
the result of reasoning. Professor Volta vessel, keeping their lower edgfes at a 
■of Pavia, «, oaiae .-Jready familiar to kittle distance from one -another: then, 
electricians,* wSyled to the discovery of inclining them towards effih other, let 
its properties by deep meditation on the "s bring their upper edgslihich are 
developement of elec(A;ity at the aur- "ut of the fluid, into contacflfts repre- 
face of contact of dm'erent melals.f rented in the figure. The arrangement 
We may justly regard ibis discovery as we have thus formed constitutes what 
fQ*ming an important epoch in the his- " called a galvanic circle, in its siinplest 
tory of gaivanJsra : and indeed, since ^^rm, of which the three parts, or ele- 
that'period,. the terms, Voltaism, or ments, are zinc, acid, and copper; ea4!h 
Voltaic Electricity, have often, in ho- "f these bodies being in contact with (he 
nour of this illustrious philosopher, been f"." others. Under these circumstances 

— ; ■ it is found that a quantity of electricity 

■ ■'^''^™''HiiBEieciriciiy,ii^,lS3. '' set in motion; a continued current of 

" ■ ' ** electric fluid passing fix)mthe ainolo the 
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Bcid— from the acid 1o the copper— by means of wire^, enables us 'te'^direet 
from the copper back again to the jinc the electric current through such bodies 
— and 'so on, in a perpetual circuit, as we may wish to subject to its opera- 
Such at least must be the explanation tion, and at the same time gives us the 
of the phenomena on the hypothesis of power of intemipting or renewing at 
Prankhn, implying the singleness of the pleasure the communication between the 
electric fluid. But if the theory of Du two metallic plates, by merely separat- 
Fay, which recognises two different ing or joining together their remote ex- 
fluids, be adopted, what has just been tremities at Y. When united, the wire 
stated must be understood to refer ex- W, which proceeds from the copper- 
clusively to the current of vitreous elec- plate C, is imparting elecfrieity to the 
tiicily. Now, according to that theory, wire X, which touches the zinc plate Z ; 
every such transfer of electricity con- hence, the former is considered as being 
sists of an interchange of the two fluids: in a positive, and the latter in a nega- 
the current of vitreous elechricity just five state. 

mentioned, must, therefore, neeeasarily (6.) The electrical eff'ects of the sim- 
be accompanied b^ an opposite current pie apparatus just described are, in 
of resinous electricity ; that is, of one general, too feeble to be perceived, un ' 
flowing from the zinc to tlie copper; less by veiy delicale tests. The fact 
from the copper to the acid ; and from mentioned by Sulier, and the experi- 
the acid to the zinc. Hence in our fu- ments of Guvani on the muscles of 
ture explanations of tlie phenomena of frogs, in their original form, afford, 
galvanism, it will be sufficient to ex- however, examples of the operation of 
press the former of these currents only ; simple galvanic circles. When the 
provided we bear in mind that the trans- tongue is interposed between zinc and 
ler of any quantity of vitreous electricity copper, the saliva in contact with the 
in a given direction, implies Uie transfer metals performs the part of the acid in 
of an equal quantity of resinous electri- the experiment above mentioned, and 
city in the opposite direction. the stream of electricity in its passage 

(5.) The same effects will take place, from the zinc to the coj^r, through 
if, instead of allowing the metallic plates the substance of the tongue, affects the 
to come in direct contact, the communi- nerves of that organ, so as to give rise 
cation betwen them be effected by wires, to sensations of taste. In Galvani's 
(as shewn in y^, 2>) extending from the experiment, muscular contractions were 
j^ . , produced by forming a connection be- 

^ '■ tween two different metals, one of which 

2' was applied to the nerve, and the other 

•" to the muscles of a frog's leg. It is 

evident that such an arrangement com- 
poses a, galvanic circle, deriving its 
activity from the chemical properties of 
a the fluids in those parts of the frog that 
^ m are in contact with the metals. Al- 

4 1 though the quantity of electricity set in 

w ' motion by Itiis slight action, must be 

supposed to be exceedingly minute, it ia 
yet sufficient, when passing over the 
exquisitely sensible nerves ofthe tongue, 
or Ihrougn the highly irritable fitires of 
a frog, to produce a very considerable 
impression, 
.^.^M (7.) It has even been found possible, 

by means of a very small galvanic circle 
one to the other- The circuit of elec- of the same simple kind as that which 
tricity will thus be lengthened, but the we have described, to produce some of 
currents will move in the same direction the more energetic effects of galvanism, 
as before ; that of the positive electri- such as raising the temperature of the 
city being denoted in the figure by the wire which conducts it to a red heat, 
position of the arrows ; namely, in the We are indebted to the ingenuitj^ of Dr. 
fluid, from the *inc towards the copper ; Wollaston for the contrivance of an ap- 
and along the wires, frota the copper to paratus, which he calls an eirnneniary 
the zine, The eomjletioii of the circuit galvank battery, capable of exhibiting 



(his efiecl.* He found that b. single ficcnt batteiy belonging to the T.ondon 
plate of zinc, of the size of a square Institution, and which was construcled 
inch, wlien properly mounted, and sus- under the direction of Mr. Pepys.* It 
pended in dilute sulphuric acid, tretween consists of two plates only, the one of j^ 
two coppM- plates of similar dimensions, ^nc, and the other of copper, coiled (/ 
was more than lufticient to ignite a wire found a. cylinder of wood, and prevented 
of platina, one three-thousandth of an from coming into contact by ropes of 
inch in diameter, which formed part of horse hair, which ia a non-conducting 
the connection between the two metals. substance, interposed in various places 
(8.1 It will readily be conceived, that Iretween them. The length of each plate 
by enlarging the size of the plates, their is 60 feet, and its breadtii two feet; the 
power will be proportionally increased, total surface being400 square feet. In 
The first batlery of thia kind, on a very order 1o charge tliis batteiy, the whole 
large scale, was tlwLt constructed by Dr. coil is immersed in a tub containing 
Hare, professor of chemistry in the uni- acid uf the proper strength, 
versity of Philadelphia, and called by 
him a Calorimotor, from its remarkable Chaptkr III. 

power of producing heat.+ It consisted „ j r- i ■ yy- i 

of sheets of ainc, and of copper, formed C<ympound Calvamc Circle*. 

into coils, so as to encircle each other, (10.) Many of the effects of galvanism 
separated only by interstices of a quarter require fortheir production the combined 
of an inch in width. This construction influenceof anumberof plates.arranged 
ia shown in^. 3, which exliibits a hori- so as to form what is termed a cam- 
Pig. 3, pound galvanic circle. To this class 

belongs the galvanic pile, discovered by 
Volta, and announced by him in apaper 
which he Iransmilted, in the year 1 800, 
to the Royal Soeiely. He had been led 
by theory to conceive that the effect of 
a single pair of metallic plates might be 
increased indefinitely by multiplying 
their number, and disposing them iu 
pairs, with a less perfect conduoling 
substance interposed between each pair. 
For this purpose he provided an equal 
zontal section of the plates as they are number of silver coins, and of pieces of 
coiled together : the thick line Z, repre- ^''>''' "f the same form and dimensiona : 
senting Uie zinc, and the thinner line C. ?"tl also circular discs of card, soaked 
the copper plate. The zinc sheets were "J "^'t water, and of somewhat less 
nine inches by six ; the copper fourteen iliameter than the metallic plates. Of 
by six ; more of the latter metal being ">** ^^e formed a pile or column, as 
required; as in every coil it was made shown in /g-.4 ; in wliich the three siib- 
to eommenoe within Uie zinc, and com- Fig. 4. 

pletety to surround it on the outside. , / 

Each coil was atwut two inches and a, J \ *^ 

half in diameter ; theirnnmber amounted 
1o 80; and by means of a lever they « 

couid all be let down at the same mo- f 

ment into as many glass jars, tHo inches , a 

and three quarters diameter inside, and T ^ T 

eight inches high, placed so as to receive p ^ \ 

them, and containmg tire acidliquor in- ^ 

tended to act upon the zinc. e 

(9.) To the class of simple galvanic 
ci rcles must also be referred the magoi- ^ 

• See Thonuon'i Anittill of PAilnHph^. ml. ri. 

Mi^nrt'iu teeJS'rlffio'sTia'li" iotiK'jj/ wlt stances, silver.f zinc, and wet card, de- 
iMK-i. a ptiiiMouhet whose annTaiied "c""""' "t noted by the lelters S, Z, and W, were 

cbMi.ation. Muinlim. of jodt menl, and intfgriljof ■* '. ! , 

m1od.dWMitdtoIli(hi(h(>iyiijerts*[<gi«ii«.pUMi • PMIoKphicalTTainclin'iloTlsaa. viWI. 

t 8JlliiB«"5o.p,S"iiri'«.° mAAmoU e/'pht- ui^ ff iicjf "«1«^'" i«l. ^eadj df icf ibTd 
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made to succeed one another in the same 
regular order throughout the series. 
The efficacy of this Combination realized 
the most sanguine anticipations of the 
discoverer : it far exceeded in power the 
single circle already described. If the 
uppermost disc of metal in the column 
be touched with the finger of one hand, 
previously wetted, while a finger of the 
other hand is applied to the lowermost 
disc, a distinct shock is felt in the arms, 
similar to that from a Leyden phial, or 
still more nearly resemblmg that from 
an electrical battery weakly charged* 
A repetition of shocks is obtained for an 
indefinite period, whenever the circuit is 
completed by touching the two ends of 
the pile with the moistened fingers. The 
strength of the shock is, as might be 
expected, greater in proportion to the 
number of plates of which the pile is 
composed. 
If the pile were raised to any consi- 
•pi^ 5^ derable height, it would 
^* ' obviously be in danger 
of oversetting : this 
may be prevented by 
placing the discs be- 
tween three vertical 
glass rods, properly var- 
nished, and cemented 
into two thick pieces of 
wood, one of which 
serves as a base, and 
the other as a cover to 
the pile. See^^. 5. 

(U.) Any number 
of these piles may be 
combined so as to form a battery, 
by making a metallic communication 
between the last plate of the one and 
the first of the next, and so on ; taking 
care that the order of succession of the 
plates in the cu*cuit be preserved invio- 
late, as Js shown in fig, 6, where the dark 

Fig.Q. 




may be arranged in a form somewhat 
different from the preceding, and corre- 
sponding more nearly to the elementary 
galvanic circle in its simplest state al- 
ready described (} 4, 5). In this new ar- 
rangement the metallic plates, instead of 
being piled one above the other, are 
placed side by side in a vertical position, 
and combined together in pairs, consist- 
ing each of one zinc and one copper (or 
silver) plate, connected at their upper 
edges by slips of metal, passing from 
the one to the other. A sufficient num- 
ber of glasses being provided, and filled 
with water, or some acid or saline solu* 
tion, they are to be placed side by side, 
so as to form a circle. The two plates 
belonging to each pair are then to be 
immersed in the fluids contained in two 
different, but adjoining, glasses; the 
zinc plate, for instance, in the first glass, 
and the copper in the second. The 
plates of the second pair must be im- 
mersed, in a similar way, in the second 
and third glasses ; and so on successively 
throughout the series, taking care to 
preserve the same order of altemsjttion in 
the metals. It is evident that by this 
arrangement, (of which an horizontal 
section is shown in^. 7, where the dark 



^ 



rm 







lines represent the copper, and^ the light 
lines the zinc plates. 
(12.) The component parts of the pile 



bnes indicate the copper, and the lighter 
lines the zinc plates in each pair,) each 
vessel will contain one plate of zinc and 
one of copper, which, as they belong to 
different pairs, are not connected toge- 
ther, except through the medium of the 
intervening fluid in that particular 
vessel. 

(13.) The first apparatus of this kind 
was constructed by Volta, who employed 
for that purpose a circular ^ies of 
cups, and hence gave it the name of 
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Couronnt de tastet. If Ihe circuit be eleclrioity from the wire, is the negative 
interrupted at any one point, by remov- pole. iTie same observations apply to 
iog one or more of the vessels, the in- the galvanic pile ; the lino end being th« 
itmment is rendered similar in its opera- positive, and ihe copper (or silver) end 
tion to the pile, and ihe metallic plates the negative pole. 

•t each end of the series which are not (15.) It will be perceived that the de- 
immersed in fluid, may be connected to- nominations of the zinc and copper ends 
gelher by means of wires in order to of the pile or compound battery, as being 
complete the circuit. Such an arrange- positive and negative, are exactly ttio 
ment it shown in /!g. 8, where the anc reverse of what obtains in the single 
Kp.a, galvanic circle, where, as we have seen. 

It is the copper plate which is positive, 
^ ' and Ihe zinc negative, with relation to 

the communicating wires. But as the 
direction of the electrical currents is the 
same in the compound as in the simple 
circle, this contrariety in the cjualities of 
the poles appears, at first sight, para- 
doxical. But the difficulty vamshes 
when we advert to the circumstance, 
that in the simple galvanic circle the 
,^f_^^ conducting wire communicates directly 

with that plate which is in contact with 
and copper plates are marked respec- the fluid part of the apparatus; while in 
lively with the letters Z and C : and the the compound circle it proceeds, not 
course of the electric fluid denoted by from the plate immersed in the fluid, but 
the arrows. from that which is associated with it, 

(14.) It is also to be observed, that in and, therefore, of adifferent kind. The 
every compound galvanic circle, such compound circle reduced to its condition 
as is exemplified in this apparatus, the of greatest simplicity would be repre- 
direclion of the electric current is pre- sent ed by the following series, consisting 
cisely the same as in a simple galvanic of five parts, namely, 
circle composed of the same elements. copper — zijtc—fiuid — copper — zinc. 
In the present case, where zinc and cop- In this airangement the copper end is 
per are the metals employed, and the negative, and the rinc end positive. By 
fluid acts upon the former so as to oxi- merelyremovingthetwoterminalplafes," 
date it, a stream of positive electricity is which, in fact, are noways concerned 
continually circulating from the zinc to in the eSect, we brin^ it tu the state of 
the copper plate contained in the same the single circle, consisting simply of 
vessel, through the oxidating fluid which Mino—Jiuid— copper ; 

separates them ; and is transferred from here we find the zinc end negative, and 
tlie copper to the zinc plate contamed in the copper end positive. It is highly ne- 
ihe next vessel, along the shp of metal oessaryto possess clear ideas of this dif- 
which connects them. Following its ferenee, since much ambiguity has arisen 
course in (his manner to the end of the frojn inattention to it in describing ex- 
series, we find the electric current pass- periments, and reasoning upon their 
in^ on from the l!ast copper plate, con- results, more especially in U'e study of 
tamed in the last vessel, to the zinc electro-magnetism, hereafter to be con- 
plate connected with it, and thence con- sidered. 
yeyed along the wires of communica- (10.) A much more compendious 

tion. round to the Rnniw>r nlals at Iha form mnu lu> vlvpn tn a. batterv con- 
0th 

this 
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bang contained in a pven space. The plates, and each plate containing thirly- 

linc and copper plates are united in two square inches. The whole number 

pairs, aa before, by a slip.of melalpass- of double plates is 2000, and the whole 

ing from the one and soldered to (he surface 128,000 square inches, 

other: each pair being placed so as to (17.) A trough battery on anotner 

enclose a partition between them, and construction was invented by Mr. 

each cell containing a plate of zinC'Con- Cruickshanka, and is represented in 

necled with the copper plate of the sue- fig. 10. Plates of zinc and of copper. 

eeedingeeil, and a copper plate joined pi~ \n 

with the zinc plate in the preceding cell. ** ' 
Such an apparatus is called a trottgh 
battery, and ia represented in fig. 9. 






The trough, T, may be made of baked 



struct the whole of one material, and 
Wedgwood ware answers best for this 
purpose. Each trough is usually fitted 
up with ten or twelve c^. The plates, 
P, adapted to them, are connected to- 
gether by a slip of baked wood, so as to 
allow of their being let down into the 
cells, or lifted out, together. A further 
advantage arises from this construction, 
that the plates and the fluid bang inde- 

Eendent of each other, the former may 
e readily cleaned or replaced, when 
worn or injured, without diaturbing the 
fluid: and the latter may, in like man- 
ner, be removed and changed with the 
utmost facility. A number of these 
troughs may be combined with great 
esse, by connecting together the termi- 
nal plates of the adjoining troughs, by 
slips of copper; taking care, as in the 
ease o( the pile, (S 11.) lo preserve 
throughout the whole series the same 
order of alternation in the plates, by 
connecting the zinc end of one battery 
with the eopiper end of the next. 

The voltwe battery belonging to the 
Koyal Institution, which is of immense 
power, is constructed on the plan ^ove 
described, and consists of 200 separate 
parts, each part composed of ten double 



united by their flat surfaces by soldei- 
ing, are employed to form the partitions 
themselves, and are fixed into grooves in 
the sides of a trough of baked wood, 
which is a bad conductor of electricifv, 
so as to leave sufficient intervals to hold 
small quantities of fluid. They must, of 
course, be arranged so that all the zinc 
surfaces shall be on one side, and all 
the copper surfaces on the other. The 
battery is charged by filling the cells 
with a saline solution, or with dilute 
acid, and the galvanic circuit completed 
by bringing the two wires proceeding 
from the ends of the battery in contact 
with one another. The section,^. 1 1, 
Fig. 11. 




will tend to elucidate the principles of 
its action. Troughs of this conntruc- 
tion, however, are exceedingly liable to 
get out of order, from the action of the 
liquid on the wood, which it tends to 
warp. The plates require to be fixed 
into the grooves by cement, in order to 
render them water tight; but this ce- 
ment is apt to crack from the waiping 
of the wood, and other causes, and the 
hquid insinuating itself into the fissures, 
imp^rs the power of the instrument by 
destroying the insidation of the cells. 

(18.) The power of a battery is con- 
siderably increased when both surfaces 
of each plate of zinc, in cent act with the 
oxidating fluid, are opposed to a surface 
of copper. In order to aeooniplish tliis. 
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it will be McessKi; to add a second 
copper plate to each pair, so Ihat every 
cell may contain one zinc and two cop- 
per plates, the former being placed be- 
tween the latter. This plan, which was 
suggesled by Ur. Wollaston, was adopt- 
ed by Mr. Children in the construcfaon 
of a very large battery, in which each 
plate was six feet long, by two feet eight 
mches broad, so that it presented thirty- 
two squwe feet of surface.* 

(19.) An ingenious application cf this 
principle was made by Mr. Hart of 
Glasgow, in the construction of a g^ 
vanic battery, requiring no other ma- 
terial tor confining the fluid, than the 
metals themselves which fonn the 
circles. This he accomplished ^ con- 
verting the double copper pkfes into 
cells, by adding sides and bottoms, so as 
to enable them to hold the acidulous 
fluid into which the zinc plates are im- 
mersed. Tlie cells are formed by cut- 
ting a sheet of copper into the form 
shownin;^. 12.t They are then folded 



grooved. A drop of tin is run into each 
Tower comer In render the cells per- 
fectly tight. Pig. 14 represents the line 



plate, having a piece of screwed brass- 
wire cast into the top of it for the pur- 
pose of suspension, i^;^. 15 is a section 



I Km in Jig. 13, and the i 
Fig. 13. 



lie C(U rtrnHnitd in ig. jg. 



of the battery, showing how the copper 
tail of the first cell is connected with the 
zinc plate of the second, and so on. 
The connexion is rendered perfect by 

J'oining them with a drop of solder. 
!ach zinc plate is kept firmly in its 
p^e by three small pieces of wood. 
The whole series is then fixed, by means 
of screw- nnls fitted on to the brass wires, 
to a bar of baked wood, previously well 
varnished. When the battery is to be 
used, it must be lifted off the frame, 
and dipped into a wooden trough, 
lined witti lead, containing the acid. It 
is then placed on the frame and is ready 
for action. Such a baiter^, with an 
equal number of zinc plates, is found to 
possess considerably greater power than 
the best batteries of the ordinary con- 
si ruction.* 

(20.) Various contrivances have been 
employed for converting a compound 
voltaic battery, consisting of a certain 
number of altemaiions of plates, into a 

* £di>(Hyt Jotmal «/ S<i<Mf, Ir. It. 
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battery having a smaller' number, or On the contrary, the voltaic battery con- 
even into one corresponding in principle tinues, for an indefinite time, to develop 
to the simple battery with a single .pair and supply vast quantities of electricity, 
of plates, such as the calorimotor. which, far from being lost by returning 
These changes may be effected by alter- to their source, circulate in a perpetual 
ing the connexions of the plates, and stream, and with undimished force, 
uniting several plates of the same metal The effects of this continued current on 
together, so that thw may act as only the bodies subjected to its action-, will, 
oiie plate; or if the efrect of a calorimotor therefore, be more definite, and will be 
be desired, connecting all the zinc plates constantly accumulating ; and their 
together, and also all the copper plates, amount will, in process of time, be in- 
so that the whole may act only as a comparably greater than even those of 
single pair. the ordinary electrical explosion. We 

shall accordingly find that changes in 
the composition of bodies are effected 

CHAPTER IV by galvanism which can be accom- 
plished by no other means. Hence 

Effects of Galvanism, may be conceived the advantages which 

have accrued to science from the ac- 

(21.) There are three principal cir- quisition of an instrument of such vast 

cumstances in which the electricity power, and admitting of such extensive 

produced by the voltaic battery differs application in the wide field of chemical 

from that obtained from the ordinary research. 

electrical machine ; first, the very low it will be convenient to study the 
degree of intensity in which it exists m effects of galvanism in their relation to 
the former, when compared with the the three circumstances which have 
latter ; secondly, the very large quantity been noticed as characterizing its ope- 
of electricity which is set in motion by ration when contrasted with those of 
the voltaic battery ; and thirdly, the ordinary electricity, 
continuity of the current of voltaic elec- 
tricity, and its perpetual reproduction, § i. Ordinary Electrical effects re^ 
even while this current is tending to sidling from Galvanism. 
restore the equilibrium. The effects of 

the voltaic pile have been compared by (22.) The degree of intensity in which 

the inventor of that instrument to those the electricity developed by a single 

of an electric battery of large dimen- galvanic circle exists, is so extremely 

sions, but charged only to a low degree ; low, that its action produces none of 

in which case, as appears from what has the usual phenomena exhibited by the 

already been said on this subject in the common electrical machine. Even from 

Treatise on Electricity, a large quantity the largest calorimotor that has yet 

of electricity may be contained, with a been constructed, it is not possible to 

very small tendency to escape, or, in obtain indications of electrical attraction 

other words, with a very feeble in- and repulsion, such as are given by the 

tensity. The comparison is, in many feeblest degree of excitation to a piece 

respects, just; but it fails in regard to of sealing-wax. With a few alternations 

the third property we have noticed as of plates and interposed fluid, as in the 

belonging to the voltaic apparatus ; pile or trough battery, electrical indica- 

namely, the continuity of the current tions may be obtained, by means of an 

arising from its perpetual reproduction ordinary condenser. It is necessary in 

and circulation. these experiments to advert to the dis- 

However considerable may be the tinction already pointed out (J 15.) be- 

power collected in a highly charged tween single and compound circles as 

electric battery, the whole of that power to the denomination of the extremities 

is at once expended as soon as the cir- or poles of the battery. In the com- 

cuit is completed. Its action may, while pound circles the zinc side is found to 

it lasts, be sufficiently energetic ; but it be positive and the copper negative. 

is exerted only for an instant ; and, like When fifty pairs of plates are employed, 

the destructive operation of lightning, a delicate gold-leaf electrometer will be 

can effect, during its momentary pas- affected, without the aid of the condenser, 

sage, only sudden and violent changes, and with a series of one thousand 

which it is beyond the power of the groups, even pith balls are made to 

experimientalist ,to regulate or control, diverge. In ord^r to exhibit these ef- 
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fects, the wire proceeding from one ex- of small particles of iron in a state of 

tremity of th^e battery should be con- intense combustion. With a series of 

necled with the foot of the electrometer; one thousand, each discharge is at- 

while the wire proceeding from the op- tended with a sharp sound, and will 

posite extremity is made to touch the bum thin metallic leaves. This is the 

cap. It was by means of the revolving more remarkable as the same voltaic 

doubler ysee Electricity, $ 195.) that battery may not have sufficient power 

the electrical states of the two ends of to produce these effects by itself, or un- 

the voltaic pile were first ascertained by connected with an electrical battery. 

Messrs. Nicholson and Carlisle.* The shortest possible contact with the 

(23.) Since the ends of the two wires, voltaic battery is sufficient for giving • 

which proceed from the two poles of the whole of the charge which it ia ca- 

the voltaic battery, are in opposite states pable of communicating. This was ap- 

of electricity, we might naturally expect parent in some experiments made by < 

that they would attract one another. Van Marum and Pfaff with a battery • J 

Such an attraction actually does take having 137^ square feet of coated sur- 

place, as Biot found by expej'iment ;t face, and which was charged to the * 

but it does not become sensible, unless same degree of intensity as the pile with 

a battery composed of a great number which it was made to communicate, by 

of plates is employed. a contact which did not last for tlie » 

(24.) The genera] conclusion dedu- twentieth part of a second.* 
cible from the facts that have now been , ^ ^ ^ , - ^ » 

stated, is that the intensity of the eleo- * 2. Luminous effecU qf Galmnxsm, 

tricity developed by galvanic combina- (26.) It is only when the electricity of 
tions is increased, according as the a voltaic battery possesses a sufficient 
number of alternations in the elements "intensity, that it becomes capable of 
which compose them is greater, and passing through air. With the oalo- 
that it bears no proportion to the mag- rimotor the intensity is too feeble to 
nitude of their surfaces. enable it to traverse the smallest per- 
(25.) If the voltaic battery be of suf- ceptible interval between metallic con- 
ficient sixe, its electricity may be trans- ductors, so that they must be brought 
ferred to a common electrical battery, into actuai, or at least apparent, con- 
which will then become charged to the tact, before any sensible effect is pro- 
same degree of intensity. Nothing more duced. In a pUe or trough battery, on 
is necessary for this purpose than to the other hand, composed of a consider- 
connect the outer and inner coatings of able number of alternations of plates, 
the electrical battery, respectively, with on bringing together the wires from the 
the two poles of the voltaic battery ; opposite poles, the transfer of electricity 
when the charge will be instantly com- begins while they are yet at a sensible 
municated to the former. If on re- distance from one another : and as in 
moving it from the voltaic battery this the case of ordinary electricity, this tran- 
electncity be discharged, and the same git through the air is accompanied by 
communications be renewed, a similar vivid light. The sparks occur every 
charge will again be received ; and the time the contact between the wires is 
same process may be repeated an in- broken, as well as when it is renewed, 
definite number of times. If, instead This phenomenon, which does not take r 
of removing the electrical battery, we place with the electricity furnished by 
allow it to remain connected with the the ordinary means, is characteristic of 
voltaic battery, a rapid succession of voltaic electricity, and is a consequence 
sparks may be obtained from it by con- of its continuous supply. The stream 
necting a wire with the outer coating, continues to flow, notwithstanding the 
and repeatedly striking the knob of the interruption to the line of circuit, and 
phial with the other end of the wire. If as long as the conductors remain within 
the series of plates in the voltaic battery the striking distance ; and although this 
consist of three or four hundred alter- happens only for an instant, there is 
nations, these rapid explosions are so still sufficient time for the appearance 
powerful as to ignite the end of the wire, of a spark. 

if it be of iron, and to cause it to tlirow (27.) The most splendid exhibition of 

off an abundance of sparks, consisting electric light is that obtained by placing 

— ■■ — pieces of charcoal, shaped like a pencil, 

• NicholsoD's Journal, 4to. iv. 174. ■■■■ ■ ■ r 

i »iot, Traiti d9 ^hyiiqwy ii 6U. / Anmlti 49 Chimit, xl. 888^ 
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&t the ends of the two wires in the inter- became intensely igmtei^ ftnd some pla- 
rupted circuit, and bringing their points tina wire attacfied to it melted wllh 
into contact- When the experiment bright scintillations, and fell down in 
was tried with the powerful battery of large globules.* A battery of a hundred 
the Royal Institution, already noticed pair of plates of six Inches square will 
(i 16.), a bright spark passed between suffice to exhibit these phenomena on a 
the two points of charcoal, when they smaller soale. Charcoal, carefully pre- 
came within the distance of the thirtieth pared from some of the harder woods, 
or fortieth of an inch ; and immediately such aa beech, lignum vite, or box 
afterwards more than halt of each pen- wood, answers best for these eiperi- 
cil of charcoal, the length of which was ments. The arched form of the stream 
, one inch, and the diameter one-sixth of of light passing between the two char- 
an inch, became ignited to whiteness, eoal points is perceptible even when tha 
By withdrawing the points from each points are wittiin half an inch of each 
other, a constant discharge took place other. 

through the heated air, in a space at .The light obtained by voltaic elec- 
least equal to four inches, forming an tricity in the manner now described 
arch of light in the form of a double exceeds in intensity any other that art 
oone, of considerable breadth, and of can produce. It oilen exhibits in suc- 
the most daizling brilliancy. Thisphe- cession a variety of the prismatic co- 
nomenon is represented m/ig. 16; in lours; and supplies some of the rays 
which are deficient in the solar beams. 
Fig, 16, It is so dazzling as to fatigue the eye 
even by a momentary impression ; and 
it effaces, hy its superior lustre, the 
light of lamps in an apartment other- 
wise brilliantly illuminated, and which, 
on the sudden cessation of the galvanio 
light, appears for a short lime aa if left 
in darkness. If is a light which so 
nearly emulates the brightness of the 
which W, X, are the conducting wires "un'a rays, as to be apphoable for the 
fommunioaUng with the ends of the purpose of ihuminating objects in a 
battery; C, C, the pieces of charcoal, solar microscope; and even with the 
and A the luminous arch of electrical magic lantern it has Iteen found capable 
light, making the passage of eleclricity of exhibiting on a large scale, as was 
through the air. When any substance done by Mr. W. Allen in his lectures, 
was introduced into this arch, it in- all the pleasing and endless variations 
stantly became ignited i platina melted of the kaleidoscope, 
in it, as wax in the flame of a candle ; (28.) The employment of charcoal in 
someof the more refractory substances, these experiments might lead to a sus- 
fts quartz, the sapphire, magnesia, and picion that the light niiglif, in part at 
lime, all entered into fusion ; fragments least, arise from combustion ; biit many 
of diamond, and points of charcoal and circumstances concur to prove fhat it is 
of plumbago quickly disappeared, and quite independent of this cause. During 
seemed converted into vapour, even the continuance of the light, although 
whea the connection wea made in highly the charcoal be in a state of i^aition, yet 
rarefied air, and apparentlywithout hav- it suffers but lifUe loss of weight. The 
ing undergone previous fusion. When hght is evolved with equal splendour 
the pieces of charcoal were placed in when the experiment is made m gases 
the receiver of an air-pump, in proper- that contain no oiy^n, such as asote 
tion as the air was abstracted, tlie dis- or chlorine, and in which therefore com- 
tance at which the discharge took place bustion could not be maintained : and it 
increased : and when the height of the is moreover found that during the igni- 
mercury in the barometrical gage was tion, neither llie gas nor the charcoal 
only one quarter of ap inch, the sparks has undergone any chemical chango-t 
were nearly half an inch in length ; and Light from voltaic electricity may also 
by then withdrawing the points from be obtained, though with diminished in- 
each other, the dischai^ passed through 

a space of six or seven inches, pro- • Dmj'j sitmnii of chmieai PMimofhy, p. 
ducing a inost brilliant coruscation of »'^cun„„_ P*,7„.p*,ca; Tr«.«<i»^J=. 1816. 
purple hght. The whole of tiie charcoal i.z^% - 
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tensity, under water, alcohol, ether, oils, produced by the passage of voltwc elec- 

and other fluids of inferior conducting tricity through metallic wires, when their 

po^er. size and length are properly propor- 

T, , . .. ^rr A i r^ 1 • tioued to the Kind of apparatus, and to 

$ 3. EMutton of Heat by Galvantm. ^y^^ quantity of electric fluid they have 

(29.) The evolution of heat is one of to convey. Iron wire is in general easy 
the eflects which accompany the action to ignite, and is often fused into glo- 
of the voltaic, as well as of the electric bules ; and steel wire is made to burn 
battery ; but there is a remarkable dif- with a rapid and brilliant combustion, 
ference in the circumstances which favour A wire of platina, a metal not suscepti- 
its production in the two cases. In the ble of being acted on by the air, may be 
common electrical apparatus, heat is not kept at a red, or even white heat, for an 
sensibly evolved where the electricity indefinite length of time, by voltaic elec- 
moves with perfect freedom, but only tricity. As long, indeed, as the battery 
when some resistance is ojjposed to its retains its power, there appears to be no 
passage, and when there is a sudden limit to the continual evolution of heat, 
restoration of its equilibrium acconi- (32.) The order in which the different 
panied with light and sound. But in metals are raised to a red heat by the 
the voltaic battery, an elevation of tem- action of galvanism, was ascertained by 
perature is observed to take place when Mr. Children, with the aid of a veiy 
the circuit remains complete, when no powerful apparatus of his own con- 
light is evolved, and when the stream struction, to oe as follows, namely, pla- 
of electricity is conducted in the most tina, iron, copper, gold, zinc, silver, 
silent manner. That the mere passage Between copper and gold the difference 
of voltaic electricity through bodies is inconsiderable; and with regard to 
raises their temperature, is proved by platina and iron, their relative places in 
making a wire, forming part of the cir- the scale seem to depend upon the tem- 
cuit, pass through a kncwn quantity of perature acquired. The relations of tin 
water, contained in a vessel, with a and lead to the other metals could not 
thermometer immersed in the fluid. The be ascertained in these experiments, on 
heat acquired by the water soon be- account of their melting before they 
comes sensible by the rise in the ther- could be raised to a red heat. A beau- 
mometer, which even attains the boiling tiful illustration of the difference exist- 

{)oint ; and the water continues in ebul- ing in metals as to their capacity of 

ition as long as the experiment is con^ i^tion, is obtained by placing in the 

tinned. circuit a wire or chain composed of 

(30.) The circulation of voltaic elec- alternate portions, or links of platina 

tricity produces an elevation of tempe- and silver soldered together; it will then 

rature, not only in that part of the be found that the silver links are not 

circuit which connects together the poles sensibly heated, while all those of pla- 

of the battery, but also in the battery tina become equally and intensely ig- 

itself, every part of which, both the nited. 

Elates of metal and the fluid in the cells, (33.) It would appear that the heat 

ecome heated when the apparatus is produced by the voltaic battery is more 

in an active state. But the elevation of intense than can be excited by any other 

temperature is found not to be equal process. In the experiments detailed 

throughout the series; and the differ- by Mr. Children,* the action of his 

ence is dependant on causes which have powerful apparatus raised to a red heat, 

not yet been accurately determined, visible in ful^ daylight, the whole of a 

Mr. John Murray found a gradual in- wire of platina, one tenth of an inch in 

crease of temperature in the successive diameter, and five feet and a half in 

cells from the negative to the positive length. It also effected the fusion of a 

pole ; and when a number of different variety of substances on which the heat 

troughs were joined together, the cells of the best wind-furnaces makes no ira- 

at the extremities of each were less pressior 

heated than those towards the middle; (34.) When very thin metallic leaves 

the maximum of heat was at a part are placed in the electric current of a 

situated nearer to the positive pole ; and powerful voltaic battery they take fire, 

the temperature gradually diminished and by continuing the action, may be 

in the direction of the negative pole.* made to bum with great brilliancy. In 

(31.) Ignition, in various degrees, is -^ . :: — —-- — 

—- 1 — . 1 • In the PhUosophical TrantQctions for 1815, p. 

• Edinburgh FhUotofhical Journal, xiv. 67. 368-«70. 
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order to exhibit these effects, the me- appears to force for itself a passage 
tallic leaves should be suspended to a through every obstacle ; while the heat 
bent wire proceeding from one extre- which occasionally manifests itself dur- 
mity of the battery, and then a broad ing this sudden effect, seems as if it were 
metal plate connected with the opposite merely the effect of the compression and 
extremity should be gradually brought collision of the particles which are thus 
near to them till contact is produced, forcibly impelled. But the elevation of 
The brilliancy of the effect is heightened temperature which accompanies the 
bv covering the plate with gilt foil, passage of voltaic electricity, on the 
Gold leaf, thus treated, burns with a contrary, appears to be its immediate 
vivid white light tinged with blue, and and direct effect ; for the mechanical 
p^-oduces a dark purple or brown oxide, texture of the substance which conveys 
Silver leaf gives out a brillant emerald the electricity remains unaltered. If 
green light, and leaves an oxide of a electricity in its common form possess 
dark grey colour. Copper produces a any power of igniting bodies, its opera- 
bluish white light, accompanied with tion is too transient and momentary to 
red sparks ; its oxide is dark brown. Tin produce any extensive effect; and its 
exhibits nearly the same phenomena, tendency is rather to separate and dis- 
excepting that its oxide is of a lighter perse the body into minute fragments, 
hue. Lead burns with a beautiful pur- than to unite the particles into globules 
pie lig;ht ; and zinc with a vivid white by fusion. We have seen that charcoal 
light, inclining to blue, and fringed with is veiy readily ignited by galvanism, but 
red. For the distinct appearance of it will sustain a strong discharge from 
these colours, it is necessary that the an electric battery without any percepti- 
contacts should be made with a metal, ble rise in its temperature ; nor is it 
and not with charcoal ; for the intense possible to ignite it by this means, 
white light emitted by the latter, would Whether reduced to fine powder, or cut 
overpower the peculiar colours arising into thin plates, or made to taper to a 
from the combustion of the metal.* point, it resists all attempts to raise it to 

(35.) A beautiful effect, noticed by a red heat, or even to impart to it any 

Van Marum, is produced by connecting sensible warmth, though subjected to 

a slender iron wire with one of the poles the action of the most powerful battery 

of a powerful voltaic battery, and bring- that has yet been tried. Even when an 

ing its end in contact with the surface apparently continuous stream of electri- 

of some mercury connected with the city, obtained from a large electrical 

other pole. Vivid combustion takes machine, was made to pass through 

place both in the mercury and in the pointed wires coated with spermaceti, no 

wire ;• giving rise to an abundant emis- part of the spermaceti was melted, 
sion of sparks, and appealing like a star 

or sun dispersing thousands of rays on } 4. Electro-Magnetic Effects of Gal- 

every side. This splendid spectacle may vanism, 
be prolonged at pleasure, by faking care 

to continue the depression of the iron (38.) We must rank among the more 

wire, in proportion as the metallic par- remarkable of the physical effects pro- 

ticles are dispersed by the combustion, duced by the transit of voltaic electricity 

(36.) Inflammable bodies, such as through conducting bodies, the indue- 

oils, alcohol, ether, and naphtha, are tion of magnetism in iron, and the influ- 

easily inflamed by means of galvanism, ence exerted on bodies which possess 

when charcoal points in the circuit of magnetic properties. But as the study 

the battery are brought near each other of the connections which subsist between 

on the surface of these fluids ; and gun- these phenomena implies a previous 

powdei* may readily be made to explode knowledge of magnetism, and consti- 

under the same circumstances. tutes, indeed, a distinct branch of 

(37.) The difference in the operation science, it will be proper to reserve their 

of voltaic and ordinary electricity is consideration for a future treatise. It 

very manifest in their mechanical effects, may be as well, however, to remark 

The forcible separation of the particles in this place, that the discoveiy of the 

of bodies, and destruction of tiieir cohe- electro-magnetic effects of galvanism 

sion, characterize more especially the have furnished us with the most delicate 

electrical explosion, in which the fluid tests for detecting very minute portions 

of voltaic electricity, so that ipany of the 

• Singefi Eiemenu 0/ Electricity, p. 408, results of simple galvanic arrangements, 
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to be here^«r mentioned, have been ob- than it did beroi«; and in the second 
tained by magnetic galvanometers. place, it will not be aecompanied by the 
evolutionof Iheaame quantity of hydro- 
gen gag from the oxidating surface. 
There will, indeed, be a disengagement 
(39.) In the TrealiBB on Electricity, of hydrogen from the whole fluid, in 
someof the chemical changes whichre- quantity exactly corresponding to that 
■ult from the operation of this agent in of the oxygen derived from the water; 
its ordinary form were noticed ; and ex- but the greater part of this hydrogen 
periments were described in which water, wiU now make its appearance on the 
and a few saline bodies were decomposed surface of the copper plate, whence it 
by a succession of electric discharge* will arisein aoopiousitreamorbubbleB. 
from a powerful machine. But the But atill t)ie copper will itself remain 
power of galvanism to effect changes in apparently unaffected bv this change in 
the composition of bodies subjected to 'he circumstances of tne experiment, 
its action iR incomparably greater ; and In process of time, indeed, when a con> 
its application hai led to a series of dis- siderable proportion of sulphate of line 
coveriea which constitute a new era in has been disnoived in the fluid, the 
cliemistry, and rank among the most quantity of disengaged hydrogen is 
brilliant in the annals of physical found gradually to diminish, and a thin 
science. £lm, composed partly of metallic zinc 
(40.)The chemical agency of galvanism, and partly of filaments of oxide of zinc, 
unlike its power of eliciting heat, is is deposited on the surface of the cop- 
manifested, not while it is traversing per; as soon as this happens the gal- 
substances of great conducting powers, vanic action ceases. 
but, on the contrary, when it meets with (42.) If an acid, such as the nitric 
impediments to its passage ; and it is acid, capable of acting upon the copper, 
exerted chiefly on substances, generally as well as upon the zinc, be employed 
fluids, which convey electricity only par- instead of the sulphuric acid, similar 
tiaily and imperfect^. That we may phenomena will take place, with this 
acquire clear ideas of the connection of additional circumstance, that the action 
the chemical phenomena relating to gal. of the acid upon the copper will cease 
vanism, it will be necessaiy to trace the instant the galvanic circuit is com- 
them from their origin, and attend to pleted : and instead of nitrous gas being 
what takes place in the simplest gal- formed on the surface of the copper, 
vanic circle composed of two dissimilar which happens before the circuit is 
metals and an inteiposed fluid. forme<l, only bubbles of pure hydrogen 
(41.) If a plate of zinc, and another will make their appearance ; and the 
of copper, be immersed in very dilute cojiper is protected from all further 
sulphuric acid, without touching or action, the zinc bein^, as in the former 
communicating with each other, the case, oxidated and dissolved with addi- 
zine will be acted upon by the acid ; tional enerw. It is on this principle 
part of the water will be oecompossd, that Sir II. Davy has effected the pro- 
its oxygen combining with the zinc and lection of the copper sheeting of ships 
forming oxide of zinc ; and its hydrogen from the corrosion of sea water, by 
will be disengaged in the form of gas placing in contact with it pieces of zinc 
from the surface ofthe zinc plate. The or iron, on which sea wafer exerts a 
oxide of sine, in proportion as it is pro- greater chemical action than on copper, 
duced, will be dissolved by the aeid. See Phil. Trans, for 1834, p. 131, and 
thereby forming sulphate of zinc The 242 ; and for 1825, p. 328, 
plttteofcopper,whichhasbeenimmerBed (43.) In compound voltdc batteries, 
m the same fluid, will, during aU thii the same chemical changes which have 
time, have undergone no change ; the been just described as occurring in the 
acid, in its diluted state, being incapable simple galvanic circle, take place in 
of acting upon it. But if, while the each of me portions of fluid intervening 
above process is going on, the metali be in the compartments between the plates, 
brought into contact, either directly, or (44,) The chemical agency of galva- 
by the intervention of some metallio in- nism a exerted in a no leas remarkable 
termedium, the following changes will manneronfluidconductorsplaced inihe 
ensue. In the first place, the oxidation circuit between the poles of the battery, 
and solution of the zinc will proceed Among the simplest of its effects is tlie 
with, much greater rapidity and energy resolution of water jnto its two gaseous 
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elements, Qxygjen and hydrogen. The 
discovery of this fact is due to the united 
researches of the late Mr. Nicholson and 
of Mr, (now Sir Anthony) Carlisle, and 
was one of the immediate consequences 
of the invention of the pile hy Volta. 

(45.) The most convenient mode of 
exhibiting the decomposition of water by 
galvanism is to fill with water a glass 
tube, iseQflg, 17.) to each end of which 

Fig. 17, 




a cork has been fitted so as to confine 
the water, and to introduce into the tube 
two metallic wires, by passing one at 
each end through the cork which closes 
it, allowing the extremities of the wires, 
that are in the water, to come so near 
each other as to be separated by an in- 
terval of only a quarter of an inch. The 
wires being then respectively made to 
communicate wnth each of the two poles 
of a voltaic battery, the following phe- 
nomena will ensue. If the wire con- 
nected with the positive pole of the bat- 
tery consists of an oxidable metal, it is 
rapidly oxidated by the water surround- 
ing it — while at the same time a stream 
of minute bubbles of hydrogen gas arises 
from the surface of the other wire, which 
is in connection with the negative pole. 
But if we employ wires made of a metal 
which is not susceptible of oxidation by 
water, such as gold or platina, gas will 
be extricated from both the wires, and 
by means of a proper api)arahis may be 
collected separately. This may be ac- 
complished by taking two glass tubes, or 
receivers, closed at one end, and filled 
with water; this fluid is retained by 
inverting them over a suflBcient quantity 
of water contained in a glass vessel, as 
is shown in Jig* 18. Each tube is to be 
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furnished with a platina wire, P andN, 



passed through the closed extremity, 
and descending within it through its 
whole length. The open ends are then 
to be placed as near to each other as 
their position in the water will allow; 
and the wires are to be connected re- 
spectively with the opposite poles of a 
voltaic battery. Gas will immediately 
be seen to rise from each of the wires, 
but in different quantities. The tube 
containing the negative wire, N, will he 
soon filled with hydrogen gas, while the 
other, which is traversed by the positive 
wire, P, will, in an equal time, be only 
half filled with oxygen gas. This arises 
from the circumstance tliat the volumes 
of the two gases, which form water when 
combined, or which are the products of 
the decomposition of water, are in the 
above proportion ; that is, the volume 
of the hydrogen is to that of the oxygen 
gas as two to one. That the water is in 
this experiment perfectly resolved into 
its two elements is satisfactorily proved 
bj^ mixing together the gases thus ob- 
tained, and firing the mixture by the 
electric spark ; when the whole instantly 
loses its gaseous form, and is reconverted 
into water. 

(46.) If the water employed in the 
preceding experiment be not perfectly 
pure, other substances besides oxygen 
and hydrogen will also make their ap- 
pearance at tlie two wires, and the 
apparent formation of such substances 
from water was the occasion of great 
perplexity to the earlier experimentalists. 
But Sir H. Davy succeeded in proving, 
by a most masterly train of investigation, 
that when every precaution is taken to 
ensure the purity of the water subjected 
to the operation of galvanism, the only 
products obtained are the two gaseous 
elements of water, oxygen, and hy- 
drogen 

(47.) In these experiments it became 
manifest, that under the influence of vol- 
taic electricity neutral salts, existing in 
any solution, were decomposed, the acid 
portion being accumulated around the po- 
sitive wire, on the same points where the 
extrication of oxygen took place ; while 
the bases, whether earthy, alkaline, or 
metallic, were, at th'e same moment, 
transferred along with the hydrogen to 
the negative wire. The best mode of 
exhibitmg these decompositions, is to 
employ two cups, made either of glass, 
or, where great precision is requisite, of 
agate, or of gold ; the liquids contained 
in these cups being connected together 
by a few fibres of moistsned asbestos, 
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and subjected to the action of the vol- positive cup, and render its blue infii- 

taic batteiy. If the liquid contain any sion red, while the alkali will pass into 

soluble saline compound, such as sul- the opposite cup, and tinge its blue con- 

phate of soda, or common Glauber's tents green, 

saJt, and the operation be continued a (49.) When metallic solutions are 
sufficient time, the whole of the acid subjected to the decomposing action of 
contained in the salt will be found col- galvanism, a deposition of the metal, 
lected in the positive cup, and the whole generally in the form of minute crystals, 
of the alkali m the negative cup. Nor takes place on Ihe negative wire, and 
is any considerable solubility in the body oxide is also deposited around it ; while 
placed in the circuit necessary for its the acid passes over, as before, into the 
decomposition by galvanism. Two cups positive cup. This effect takes place 
made of compact sulphate of lime, con- with solutions of iron, zinc, and tin, as 
taining pure water, were connected to- well as with the more oxidable metals, 
gether by fibrous sulphate of lime, moist- (50.) When a solution of nitrate of silver 
ened by pure water, and the voltaic has been placed on the positive side, and 
current transmitted through them. Af- distilled water on the negative, the whole 
ter an hour the fluids were accurately of the connecting asbestos becomes co- 
examined, when it was found that the vered with a thin metallic film of silver, 
negative cup contained a pure and satu- We have been the more particular in 
rated solution of lime, partially covered noticing these effects, because, as was 
with a calcareous crust ; while the po- before observed (J 41.), they occur to a 
sitive cup was filled with a moderately greater or less extent in the fluids which 
strong solution of sulphuric acid. Sul- occupy the cells of the battery, and have 
phate of strontites, and fluate of lime, a considerable influence in modifying, 
subjected to the same process, yielded and ultimately destroying the power of 
similar . results : sulphate of barytes, the instrument 

from its greater insolubility, proved (51.) Phenomena of a still more ex- 
more difficult of decomposition ; but the traordinary nature, presented themselves 
difficulty was at length overcome. The to Sir H. Davy in the further prosecu- 
analysis of many mineralogical speci- tion of these inquiries. It was disco - 
mens, 'of which the composition was vered that the elements of compound 
much more complicated, was greatly bodies were actually conveyed by the 
elucidated by the application of voltaic influence of the electric current through 
electricity, which effected the extraction solutions of substances, on which, under 
of all the acid and alkaline matters they other circumstances, they would have 
contained. exerted an immediate and powerful che- 
(48.) For the production of these mical action, without any such effect 
effects it is immaterial in what part of being produced. Acids, for example, 
the fluid line of circuit the decomposable may be transmitted from one cup, con- 
body happens to be situated. This will nected with the negative pole, to ano- 
appear by placing three cups, side by ther cup on the opposite or positive 
side, in a line {Jig. 19.), and connecting side, through a portion of fluid in an 

intermediate cup tinged with any of the 

*^S' '9« vegetable coloured infusions, which are 

instantly reddened by the presence of 
an acid, without occasioning the slight- 
est change of colour. The same hap- 
pens also with sdkalies. If three cups 
be arranged as before, {seeflg. 19.) and 
connected with each other in a series by 
moistened cotton, the middle cup, and 
also the one next to the positive side of 

them together by moistened asbestos, the battery, being filled with blue in-. 

Let a solution of sulphate of potash, or fusion of cabbage, or of litmus ; and the 

any other neutral salt, be put into the cup neict to the negative side containing 

middle cup, and blue infusion of cab- a solution of sulphate of soda ; on the 

bage into the other cups. When these series being placed in the voltaic circuit, 

fluids are placed in the circuit of the a red tinge will soon be perceived in 

voltaic battery, by immersing the wires the water of the positive cup, which, 

into the fluid in the outer cups, the sul- will become strongly acid. It is evi- 

phuric, or other acid, will collect in the dent that the sulphuric acid so trans- 
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fen*ed must have passed through the the battery; andthose which are. giving 
fluid in the middle vessel, but without exit to the electricity, act as positive 
affecting the coloured solution in its wires. The former will collect around 
passage. By reversing the connections them the several bases of neutral and me- 
with the poles of the battery, a similar tallid salts, and the hydrogen of the de- 
transfer of the alkali will be made ; it composed water ; the latter will collect 
will be collected in the tinged water of oxygen, and the compounds in which 
the negative cup, which it will render oxygen predominates, such as the acids, 
green; but the mtermediate portion of (54.) The decomposition of the alka- 
fluid will not, either in this or in the lies and of the earths, which crowned 
former case, exhibit any trace of the this brilliant career of discovery, is, in 
substance which is carried through it by point of theoty, only a particular in- 
the influence of electricity. . stance of the general fact above stated, 

(52.) No imion, under similar cir- namely, that combustible substances are 

cumstances, is found to take place, be- carried to the negative wire, and oxj^gen 

tween acids and alkalies, when either of evolved at the positive wire. Various 

these active chemical principles is trans- other applications have been made of the 

mitted by voltaic electricity through the voltaic battery to the purposes of che- 

other, provided the compouud which mical decomposition. Sulphuric acid 

they would form by their union remains is resolved by its means into oxygen ^as 

soluble ; for should the compound be in- and sulphur. Phosphoric acid, in like 

soluble, the union takes place, and the manner, yields oxygen gas and phos- 

product on falling to the bottom of the phorus. Ammonia separates into hy- 

fluid by its superior gravity, is removed drogen and azote, with a small proper- 

from the line of the electric action. AVhen, tion of oxygen. Oils, alcohol, and etner, 

for example, sulphuric acid is attempted when acted on by a powerful battery, 

to be passed through a solution of bary- deposit charcoal, and give off hydrogen, 

tes, or vice versd, barytes through a solu- or carburetted hydrogen. But it would 

tion of sulphuric acid, sulphate of ba- be encroaching too far on the province 

rytes is formed, which being insoluble in of chemistry to extend our illustrations 

the fluid, falls down as a precipitate, of tiiis subject to any greater length, 

and being removed from the action of . 

the electric current, proceeds no fiurther j 6. Physiological ^ecis of Galvanism 

in its course. If some basis of me- . i. ,x • 

chanical support be provided, whereby (55.) The action of voltaic, as well as. 

this removal from the voltaic influence of common electricity, on a living ani- 

can be prevented, the transfer may some- mal is chiefly exerted on the functions of 

times be continued, notwithstancfing the the nervous system. It is shown in the 

body has assumed a solid form ; thus production of sensation, in the excita- 

magnesia or lime will pass along moist tion of muscular contraxrtion, and in al- 

asbestos, from the positive to the nega- tering the products of secretion, 

tive sides ; but if a vessel of pure water (56.) If any considerable part of the 

be interposed, tliey do not reach the human body form part of the circuit of 

negativevessel, but sink to the bottom., a voltaic pile or battery, a separate 

In like manner when nitrate of silver shock is experienced every time a con- 

was on the positive side, and distilled nection is made with the poles of the 

water on the negative, the silver, as we apparatus ; provided the skin through 

have already seen, passed along the which the electnc current is to pass be 

transmitting fibres of the asbestos, so as sufficientiy moist to allow of its bemg 

to cover it with a thin metaUic film. : transmitted : for m its usual dry state 

(53.) When the' fluids placed in the the cuticle, or outer skm, is scarcely 

same voltaic circuit are connected, not pervious to electricity of such low mten- 

by fluids, but by pieces of metal, such sity as that afforded by galvanism. The 

as wires, the changes above described most effectual method of receiving the 

take place in each separate portion of whole force of the battery is to wet both 

fluid, each alternate metallic surface hands with water, or what answers stiU 

performing the functions of a positive better^ with a solution of common s^t, 

and negative polarity, according to its and to grasp a silver spoon in ^h; the 

place in the circuit of the electric current, circuit is then to be completed by touch- 

Those parts into which the electricity is ing one pole of the battery with one 

entering possess properties corresponding spoon, and the opposite pole with the 

to those of the negative wires or poles of other spoon. Another mode is to plunge 

c 
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a finger of each hand into two separate eyelid, so as to cover part of the globe 

vessels filled with water, into which the of the eye, and place a silver spoOn in 

extremities of the two wires from the the mouth, which must then be made to 

battery have been immersed. The shock communicate with the tinfoil by a wire 

received from the voltaic pile is similar of sufficient length ; or conversely, the 

to that resulting from a large electrical tinfoil may be placed upon the tongue, 

battery very weakljr charged : and its and the rounded end of a silver probe 

intensity is greater in proportion to the applied to the inner comer of the eye ; 

number of series of elements composing and the contact estabhshed as before, 

the pile. Twenty pair of plates are ^e* The flash which results from the action 

ner^y sufficient to give a shook, which of a pile, applied in this way, is veiy 

is sometimes felt in the arms : with a powerful ; and if the plates were nume« 

hundred pair it extends to the shctd* rous, the experiment might occasion 

ders. permanent injury to the sight This 

(57.) Independently of the shock felt phenomenon is evidently produeed by an 

on the first impression of voltaic dec* impression communicated to the retina, 

tricity communicated from the battery, or optic nerve, and is analogous to the 

the continued flow of the current effect of a It low on the eye. which is 

through the body, as long as it forms well known to occasion the sensation of 

part of the circuit, is generally accom* a bright luminous coruscation, totally 

panied by a continued aching pain. If independent of the actual presence of 

it pass through any extemid part da> light. In like manner the flash from 

prived of cuticle, it produces a severs galvanism is felt whether the eyes be 

smarting or burning sensation, which, open or dosed, or whether the experi'- 

if the exposed surface be large, continues ment be made in day-light or in the 

to increase till it is scarcely support* dark^ If the pupil of the eye be watched 

able. This painful feeling is experienced by anotiier person when this effect is 

ifthe slightest cut, bum, ox excoriation of produced, it will be seen to contract at 

any kind, happen to be in the path of the moment when the metals are brought 

the electrical current : and it will be ex- into contact. A flash is also perceived 

cited in these parts, even by a single at the moment the metals are separated 

pair of plates, forming a galvanic com- iW)m each other, 
bination. It has been remarked by (59.) The peculiar taste which is per- 

Volta that the pain is of a sharper kind ceived when different metals are applied 

on those sensible parts of the body, in- to d?#ferent parts of the tongue, and 

eluded in the circuit, which ajre on the made to touch each other, has already 

negative side of the pile ; that is, where been noticed. It is essential to the 

the electricity flows out from the body, success of the experiment, that the sur- 

than where it enters : a fact which has face of the tongue should be moist ; 

also been noticed with regard to ttie for when the tongue is previously wiped 

pungency of the common electrical very dry, the effect is considerably di- 

spark."* minished, and it is not at all perceptible, 

(58.) The impression made by voltaic if the surface is absolutely dry. The 
electricity on some of the nerves of the quality of the metal laid upon the tongue 
face, when they form part of the circuit, influences the kind of taste which is 
is accompanied by the sensation of a communioated ; the more oxidable metal 
vivid flash of light. The simple appli- giving rise to an acid, and the less oxi- 
cationof a piece of zinc and one of silver dable metal to an austere or alkaline 
to the tongue or lips, frequently gives taste. Similar differences have been 
rise, at the moment of the contact of the observed by Berzelius, with regard to 
metals, to this perception of a luminous the sensations excited in the tongue by 
flash : but the most certain way of ob« oommon electricity, directed in a stream 
taining this result is to press a piece of upon that organ, from a pointed con- 
silver as high as possible between the ductor ; the taste of positive electricity 
upper lip and the gums, or to insert a h«ing acid, and that of negative electri- 
silver probe into the nostrils ; while, at ^^^^y caustic and alkaline. This drcum- 
the same time, a piece of zinc is laid stance would tend to prove that the 
upon the tongue ; and then to bring the **ste peroeWed in the galvanic experi- 
two metals into contact. Another mode nient is owing to the actual presence of 
is to introduce some tinfoil within the ^^ ^^ alkalies, derived from the 

'— : ^ — iiM. chemical decomposition of the salts 

likhoisou'ijQurnaif 4to. jr, m, Contained lA the »aliva» by the galvanio 
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aoiiou ; and that it is not merely the eilfeot 
of a direct impression of uie eleetrio 
current on the nerves pf the tongue. 

(60.) When the current of vojtaie 
eleetrioity is made to pasi along a nerve 
distributed to any of the muscles of 
voluntary motion, these muscles are 
thrown into violent contractions of a 
convulsive kind. It was an observation 
of this kind that led the way, as we have 
already seen, to the discovery of the gal- 
vanic mfluence. The muscles of a frog 
are, indeed, peculiarly sensible to this 
iniluence, ana are therefore the fittest 
for the exhibition of this phenomenon, 
with very weak galvanic powers. The 
susceptibility of some of the animals 
belonging to the class of vermes, is also 
very great. If a crown piece be laid 
upon a plate of zinc of larger size, and 
a living leech be placed upon the silver 
cojn, it will suffer no inconvenience as 
long as it remains in contact with the sil- 
ver only ; but the moment it has stretched 
out its head so as to touch the zinc, it 
suddenly recoils, as if it had experienced 
a painful shock. An earthworm will 
also exhibit the same kind of sensitive- 
ness ; and the same effect is still more 
sitrikingly exhibited by the nais, which 
is an aquatic worm. Humboldt found 
that the lemcea, or water-serpent, and 
even the teenia, ascaris, and other spe- 
cies of intestinal worms, had their move- 
ments accelerated by the iniluence of 
galvanism, which also speedily de- 
stroyed their life. Powerful shocks from 
a voltaic battery are no less immediately 
fatal to animals, than discharges from 
an ordmary electric battery.* Small 
animals are easily killed by discharges 
which would only produce a temporary 
stunning effect on larger animals. 

(61.) Convulsive movements may be 
excited by galvanism in the muscles of 
an animal, after its death, as long as 
they retain their contractility. Tliese ef- 
fects become exceedingly striking, when 
large animals are made the subjects of 
experiment, and when powerful batte- 
ries are employed. Thus if two wires, 
connected with the poles of a battery of 
a himdred plates, oe inserted into the 
Qars of an ox, or sheep, when the head 
is removed from the body of the animal 
I'ecently killed, very strong actions will 
be excited in the muscles of the face 
every time the circuit is completed. 
The convulsions are so general, as often 
to impress the spectator with a belief 
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that the animal has been restored to the 
power of sensation, and that he is en- 
during the most cruel sufferings. The 
eyes are seen to open and shut sponta- 
neously, they roll in the sockets as if 
again endued with vision ; the pupils are 
at the same time widely dilated. The 
nostrils vibrate as in the act of smell- 
ing ; and the movements of mastication 
are imitated by the jaws. The strug- 
gles of the limbs of a horse galvanised, 
soon after it has been killed, are so 
powerful as to require the strength of 
several persons to restrain them. 

(62.) It is needless to enter into the 
details of experiments of a similar kind 
performed in hospitals on limbs re- 
moved by amputation ; or on the bodies 
of criminals soon after their execution. A 
great number of these are stated to have 
been made at Turin, on the victims of 
the guillotine ; and in this country, Al- 
dini, by operating with a considerable 
number of plates on the body of a cri- 
minal executed at Newgate, produced 
effects very similar to those already de- 
scribed in the sheep and ox ; but which 
were necessarily of a more impressive 
character, irom their conveying the 
more terrific expressions of human pas- 
sion and of human agony. 

(63.) Muscles whose actions, like 
those of the heart, are not under the 
guidance of the will, are less easily af- 
fected by galvanism than the muscles of 
voluntary motion. But Fowler, Vassali, 
Humboldt, Nysten, and others, have 
sufficiently proved that even these mus- 
cles may^ by the proper application of 
this power, be made to contract. 

(64.) The most curious and hitherto 
unexplained of the physiological effects 
of galvanism, are those on the functions 
of secretion, especially on that of the 
gastric juice, a fluid which is essentially 
subservient to the process of digestion. 
But these topics appertain more to phy 
slology than to the subject of the pre 
sent treatise. 



Chapter V. 

JTieory 6/ Galvanisfn 

(65.) The various attempts which have 
at different times been made to explain 
the phenomena of galvanism, by the 
apphcation of the laws which are known 
to govern those of ordinary electricity, 
have on the whole been attended with 
very indifferent success j and the theory 

c % 
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ef thii Kicnce remajni, even at the pre- fluid from the zino, and its transference 

lent day, involved in considerable un- to the liquid product of the combina- 

certainty and obscurity. No very dis- tion: but, nhen translated into the lan- 

tinct or satisfactory aocoont has yet guage of the hypothesis of a double 

iKen given of the nature of that force, fluid, roust be understood at the separa- 

whieh originally distiu'bs the electrical tion of the two electricities by the che- 

condition of the different parts of the mical action, and the detennination of 

voltaic apparatus, and constitutes the the resinous or negative electricity in 

priroexy source of ^vanic power. It the direction of the cine and of the 

was long the prevailuig hypouiesis, that vitreous or positive electricity in the 

this force was the same with that which direction of the oxidating liquid. In 

gives rise to the developement of elec- order to avoid perplexity, however, we 

tricity during the contact of disMmilar shall continue to adhere to the simpler 

metals; a 'fact, the principal circum- of these hypotheses; and advert only to 

stances attending ' wliicb have been the conditions and movements of posi- 

stated in the treatise on Electridty. tlve electricity. ($4<> 
($203.) But in proportion as a more (67.) That two conducting bodies, 

extensive acquaintance with the pheno- such as zinc and acid, thus remain, the 

mena afforded the means of a more ac- one in a negative, and the other in a 

curate analysis, the insufficiency of this, positive electncal state, notwithstanding 

which was termed the £teIn'ca/7'Aeory, their being in contact, is known to us 

became more apparent ; and it is now aa a matter of &ct ; but it is a fact 

fullv estaUished, that the primary agent which is not explicable by any of the 

in the evolution of electricity, is the force laws of ordinary electrical phenomena, 

of chemical attraction. This latterview or, in other words, it is not reducible to 

of the sul^ect, has led to what may be any other more general fact. We must 

called the Chemical Theory of Qal~ for the present, therefore, be content to 

vanimt, leave it as a subject of future inquiry, 

(66.) Eveiy scientific theory must to determine to what peculiarity iu the 

have for its baMS some general fact, circumstances attending the changes of 

comprehending a multitude of subordi- chemical composition it is owing, that 

tiate phenomena, which are its more or the electric equilibrium is permanently 

less direct consequences. The chemical disturbed, and what is the unknown ob- 

theory of galvanism assumes the fol- stacle that prevents its restoration. A 

lowing as the most general fact in that linailar difficulty occurring in the caae 

science : namely, that chemical action, of the electricity produced by contact, 

occurring between a fluid and a sobd has been noticed in the treatise on Elec- 

body, is always accompanied by the dis- tricity. (J 204.) 

turbanceof electricequilibrium; in con- (68.) Aa long as the chemical action 
sequence of which a ceriain quantity of proceeds, the transfer of electric!^ from 
electricity is developed, or, in other the metal to the fluid continues ; but the 
vords, converted from a latent into an rapidity of the process is checked by the 
active state. So intimate, indeed, is the circumstance, that as soon as the quan- 
connection between the electrical and tity transferred has accumulated so as 
the cbeftiical changes, that the chemical to reach a certain degree of intensity, 
action can proceed only to a certain ex- which is generally exceedingly low, all 
tent, unless the electrical equilil>rium action ceases, the chemical i^Enities be- 
which has been disturbed be again re- ing balanced by an opposing electrical 
stored. The oxidation of metallic bo- force. But in consequence of the gra- 
dies (that is, their comtiination with dual absorption of electricity by the 
oxygen) is more especially accompanied metal from surrounding bodies, and the 
Iw the developement of large quantities gradual dissipation of the superahun- 
01 electricity. Thus it has been ascer- dant electricity of the fluid, this state is 
tained, that when a plate of zinc is never reached ; or, if attained, does not 
chemically acted upon by dilute sul- long subsist : and the chemical [JSni- 
phuric acid, which produces first oxide, lies continue to produce their effects, 
and then sulphate of zinc, the metal though more slowly than if their opera- 
becomes negatively electrified, while the tion \v^re uncontrouled by the electrical 
liquid is in the same degree positively force. But if, on the other hand, by 
electrified. This fact, when stated con- the interposition of good conductors, a 
formably to the hypothesis of Franklin, ready passage be afforded for the eico- 
impiies the abstraction of the electric ttici^urom the fluid, where it is accu< 
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mulated, to the mefal where it is defi- 
cient, then the obstacle to the further 
exertion ol the chemicsl affinities tie- 
tween these two bodies will be removed, 
and the action will now proceed with 
much ^ater energy. This is precisely 
what IS accomplished by galvanic com- 
binations. Some melftl, such as cop- 
per, silver, gold, or piatina, not auacep- 
fible of oxidation by the fluid employed, 
is applied to this fluid, collecia &um it 
the redundant electricity, and then bang 
brought into contact with the linc, or 
metal acted upon by the fluid, commu- 
nicates to it this electricity, and thus 
continuallv restores the electric equi- 
librium, the veiy instant after it has 
been disturbed. We find, accordingly, 
that under these circumstances, thai is, 
whenever the galvanic curcutt is com- 
pleted, the oxidation of the zinc proceeds 
with renewed activity; but ceases, or at 
least takes place more slowly, whenever 
this circuit is interrupted. 

(69.) In order to take a more com- 
prehensive view of the subject, we may 
state the fbllowing as the conditions that 
are essential to galvanic action. First, 
the presence of three elements is re- 
quired, which we shall designate by the 
letters A, Z, and C. Between the two 
first of these, A and Z, some chemical 
affinity must exist, adequate to produce 
combmation and develop ement of elec- 
tricity ; while the same action, or at 
least the same degree of that action, is 
not exerted between the third element C, 
and either of the former. Secondly, it 
is necessary that one of the two first 
bodies, which we shall suppose to be Z, 
be a solid,* and that it possess a high 
degree of conducting power with reg^d 
to electricity. As it is a genend law in 
chemistry that no chemical action can 
take place between two bodies, unless 
one of these bodies be in a fluid state, it 
follows that as Z is a soUd, so A must 
be a fluid body ; on the other hand, the 
body C may be either solid or fluid. 
Thirdly, it is requisite that all the three 
bodies be in mutual contact, so as to com- 
pose a kind of circular arrangement, as 
IS represented in fig 20, If all these 
conditions be fulfilled, it is found that a 
continued stream or current of electri- 
city will circulate in a determinate di- 
rection through the bodies thus placed, 
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as long u the chemical action continues. 

If the bodies Z, A, and C, be respec- 

Fig. 20. 



tively ;!inc, acid, and copper, the surface 
of contact between Z and A will be that 
at which the chemical action and con- 
sequent developement of electricity takes 
place ; for C may be considered as act- 
mg merely the part of a conductor of 
that elecfncity between A and Z ; and 
the current will drculate in the direc- 
tion denoted in the figure bvthe arrows, 
that is, ikim A to C, and thence to Z. 

(70.) The absolute quantity of elec- 
tricity which is thus developed, and made 
to circulate, will depend upon a variety 
of circumstances, such as the extent of 
the surfaces in chemical action, the faci- 
lities afforded to its transmission, &c., 
— causes the operation of which we shall 
afterwards have occasion to examine. 
But its degree of intensity, or tenriin 
as it is often termed, wiU herniated by 
other causes, and more especially bv the 
energy of the chemical action. In % 
single galvanic circle, however, it is ne- 
cessari^ veiy low, being Umited by the 
nature of the process to which it owes 
its origin, and to which it is in some re- 
spects opposed. It may be much in- 
creased, however, by combining toge- 
ther the power of a number of circles, 
as is done in the pile and voltaic battery. 
Taking the commoqfttrough battery aa 
an example, and (racing the several stqis 
of the process, we shell find that the 



zinc exposed to its action, is taken up 
by the copper plate belonging to the 
second pwr, and transferred to the second 
line plate, with which it is connected. 
This second plate of zinc, having thus 
acquired a larger portion of electricity 
than its natural share, b capable of 
supportme a more intense chemical ac- 
tion than it would otherwise have done; 
and hence it cummunicales a largo: 
quantity of electricity to the fluid in tha 
second cell. This increased quantit; ia 
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affain transmitted to the next pair of can nevor be excited when the latter 

plates, and renders the third zinc plate condition is wanting. Thus silver and 

sapable of maintaining a sfiU more pow- gold evolve no galvanic Influence when 

erml chemical action than the preceding in contact with pure water, which is in-' 

plate ; and thus ever^ succeeding alter- capable of acting chemically upon either 

nation is productive 01 a further increase, of these metals; but the audition of 

both in the quantity and intensity of the nitric acid, or any other fluid deoom- 

electricity developed. posable by silver, to the water, imme* 

(71.) The limplest cases are those in diately renders this combination of ele- 

which no chemical action whatever is ments an active galvanic circle, 

exerted either between the fluid A and (73.) With regard to the direction 

the body 0, or between C and Z ; and given to the electrical current by the 

the force of the electric current will then chemical action of two bodies, we may 

be proportional simply to the energy of lay it down 9m a general rule, to which 

the chemical action taKin^ place between there are but few exceptions, that the 

A and Z. But either A and C, or C electricity is determined from the solid 

and Z, may also have some chemical to the fluid which acts upon it chemi- 

action on one another ; and it will de- cally. This we have already seen ex* 

pend on the nature of that action whe« emplifled in the instance so frequently 

ther the electno force to which it gives referred to of the ternary arrangement of 

rise opposes or concurs with the force zinc, acid, and copper. Another, and 

resulting from the action l)etween A and very common mode of expressing the 

Z. If the two actions be of the same same fact is, to say that the zinc is ren- 

kind, as, for example, if they should dered positive with regard to the copper, 

both be oxidating actions, the dectrio and, vtce versA, the copper negative with 

forces resulting from them will be in op- reference to the zinc. In this sense . 

position to each other ; for while the one that is with relation to the action of acidsi 

is impelling the current from Z to A, the and other oxidating fluids, every oxi- 

others will tend to impel it from C to A, dable metal is positive with regard to a 

or from Z to C, that is, in a contrary metal which is oxidable in a less degree, 

direction. The effective electromotive In order to determine beforehand the 

force will, in all these cases, be equal to effect of any combination of two meUda 

the difference l)etween the two that are in a ffaJvanic circle with any of the acids, 

thus opposed to each other. On the it wi& be convenient, therefore, to ar- 

other hand, if the chemical aotions be- range the metals in the order of their 

tween A and 0, or between Z and C, oxidability. With this view the follow- 

should happen to be of an opposite kind, ing catalogue has been given by Sir 

with regard to their electrioal tendencies, Humphry Davy ; * viz, 

to that between Z and A, they will com- Potassium and its amalgams* 

municate to the developed electricity an Barium and its amalgams, 

impulse in the same direction, and the Amalgam of zino* 

resulting electromotive force will be equal Zinc, 

to the sum of the conspiring forces. Cadmium. 

(72.) We have seen that the third e*e- Tin, 

ment C may be either a solid or a fluid Iron, 

body, and we may*herefore distinguish Bismuth, 

galvanic circles into two kinds, according Antimony (?). 

as C has the one or the other of these Lead, 

two forms. In the first, the circle is Copper, 

composed of two solids and one fluid ; Silver, 

in the second, of one solid and two fluids. Palladium. 

Of the solid elements capable of forming Tellurium, 

galvanic combinations, the most effica^ Gold, 

cious are the metals, and charcoal. Of Charcoal, 

fluid elements, those which exert a pow- Platina. 

erful chemical action upon the former, Iridium, 

such as the mineral acids, alkaline solu- Rhodium, 

tions, sulphurets, solutions of neufral (74.) In a ternary galvanic arrange- 

salts, and water containing oxygen gas, ment with acids, then, each metal in the 

or atmospheric air. The energy of the above list is positive to all those which 

galvanic power will depend idtogether ^ 

upon that of the CheaUCal action, and • PhUotophical Transactions fox lSS&,Tp.i(», 
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follow it ; and the more so in proportion Gold, 
as the two metals are more distant from Charcoal, 
each other in the scale. Thus zinc and We may observe, that here also cop- 
iron will compose a weaker circle than per is positive with regard to iron ; so 
zinc and silver ; and zinc and platina that when these two metals form a circle 
will form one of still greater power. It with a solution of hydro-sulphuret, the 
may be observed, however, that the pre- electrical current is in an opposite di- 
cise order in whioh the metals stand in reotion to what it is when the same 
such a scale as the above, must be un- combination of metals is plunged in 
derstood as only strictly true with rela- acids. 

tion to the particular acid employed, and {77,) It need hardly be observed, that 

even to the particular degree of dilution every thin^ that has l)een stated with 

that has been given to the acid. For regard to smgle galvanic circles applies 

we find slight variations in the order of also to compound circles, whether in 

relation of the metals with different acids, the form of the pile, or the trough bat- 

or even with the same acid in different tery, composed of the same elementary 

states of concentration. parts. 

(76.) When alkaline solutions are em- (78.) We have next to consider the 

ployed as the fluid agent, instead of second class of galvanic circles ; those, 

acids, the same general order is observed namely, which are composed of a single 

in the metals, with regard to their mutual solid and two fluid elements, 
electrical relations. The principal ex- The arrangement assumed in this 

ception is with regard to iron, which case by the three elements of the circle, 

is nere found to occupy a place interme- may be represented by the same dia- 

diate between copper and silver. Thus gram as before,/^. 20. Z will then de- 

a combination of iron and copper will, note the solid ; A the acting fluid, and 

by immersion in an acid, form a circle C the conducting fluid. As there is a 

in which the electricity will be determined necessity for separating the two fluids^ 

from the iron to the acid, thence to the they may be contained in separate ves- 

copper, and thence to the iron ; that is sela, and be made to communicate by 

to say, the iron will be positive with re- means of a bent tube, inverted like a 

gard to the copper. But if the same syphon, full of some conducting liquid, 

combination of iron and copper be acted and passing over from tha one to the 

upon by an alkaline solution,* and more other of the two fluids. Sir H. Davy 

especially by ammonia, the iron is nega- uses, in many of his experiments, fibres 

five with regard to the copper ; for here of moistened asbestos in place of the 

the chemical action of the nuid upon the tube, for establishing a communication 

copper is stronger than upon the iron, between the fluids. Two plates of the 

and fhe electricity is therefore determined same metal are then to be immersed in 

to the fluid from the copper, and npt the fluids, and made to communicate by 

from the iron as in the former case, wires, or slips of the same metal. 
The same results are obtained when tin (79.) Sir H. Davy has distinguished 

is employed in conjunction with copper, three different kinds of circles of the 

and with ammonia.f second class.* 

(76.) With solutions of hydro-sulphu- The first and most feeble is composed 

rets, the several metals stand also nearly of single metallic plates, arranged in 

in the same order, as to their electrical such a manner, that two of their sur- 

rfelations, as with acids — with a few ex- faces are in contact with different fluids, 

ceptions, however, as will appear fcovfx one capable, and the other incapable, 

the following patalogue, given by Sir of oxidating the metal. Zinc, acid, and 

H, Davy:— water, occupying the situations of Z, A, 

^inc, and C, in the diagram, mav be taken as 

Tin. an example ; and it will be seen that 

Copper. the only difference between this ar- 

Iron, rangement and those of the former 

Bismuth. dass, consists jn the substitution in the 

Silver, circle of water for copper ; but the func- 

Platina, tion of each of these parts is essentially 

Palladium. the same, namely, that of simply con- 
ducting electricity between the other 



• Dayy, Memcnts of Chemical Philosophy, p. I48. -r- -. -—; ~ ' 77^. „„ 

t De U Biye, Jnnates dit Chimie, jrxxvii, a32. • Philosophical Transactions for 1801, p. 398. 
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two dementn. As the eondacting power the pewter pot is exposed to the action 
of fLnidit however, is much inferior to of the saliva which moistens the lip, 
that of metals, the dectrical indications while the other side of the metal is 
will be more feeble than in circles of touched by the porter ; the circle being 
the first class ; and* indeed, will scarcely completed when the latter fluid comes 
be sensible unless we employ the m(»« in contact with the ton^e. 
easily oxidable metals, such as tin and (81.) The second kind of galvanic 
line. But powerful effects may be ob- combinations with a single meUd, con- 
tained by combining a number of such sists of a series of plates composed of a 
circles in a pile or battery. For con- metal capable of being acteci upon by 
structing an instrument of the for- sulphuretted hydrogen, in contact with 
mer kind, Sir H. Davy directs pieces of solutions of hydrosulphurets on the one 
poUshed tin, about an inch scjuare and side, and water on the other, placed in 
one-twentieth of an inch thick, to be a regular order of alternation. Under 
piled up with woollen cloths of the these circumstances, a current of dec- 
same size, moistened some in water, tricity is produced, the direction of 
and some in dilute nitric acid, in the which is the reverse of what it is in the 
following order,— tin, acid, water, and so former case, the surface of the metallic 
on. It is proper to observe the pre- plate in contact with the solution of sul- 
caution of placing the cloth moistened phur being positive, while that in con- 
with acid underneath the one which is tact with acid is negative. Eight series 
moistened with water ; for, as the acid will produce sensible effects. Copper, 
is specifically heavier than the water, silver, and lead are each capable of 
little or no mixture of fluid will then forming this combination; their corn- 
take place. Twenty such alternations parative activity being in the order in 
will produce a battery capable of acting which they are here enumerated, that 
weakly on the organs oi sense, and of is, copper the most, and lead the least.* 
slowly decomposing water. When zinc (82.) A familiar instance of the ope- 
is the metal used, it is necessary, on ration of galvanism in promoting the 
account of its rapid oxidation in water combination of sulphur with silver, 
containing atmospheric air, to use three occurs in the employment of a silver 
cloths ; the first moistened with a weak spoon in eating the yolk of an egg ; a 
solution of hydro-sulphuret of potash, galvanic circle of the second kind being 
which has no power of acting upon formed by the yolk, which contains 
zinc, and which prevents it from being sulphur, the silver spoon, and the saliva 
acted upon by the water ; the second of the tongue. 

moistened with a solution of sulphate (83.) The third kind of combinations 
of potash, of greater specific gravity unite tiie power of the two former, and 
than the solution of hydro-sulphuret ; consist of a single metal, acted upon on 
and the third wetted with an oxidating one side by an acid, and on the other 
fluid, such as an acid, specifically hea- side by the hydro-sulphurets. Copper, 
vier than either of the solutions. In silver, or lead may here be employed, 
this case, if, proceeding upwards, the and the order of their powers is the 
order be as follows — zinc, — oxidat- same as in the preceding instance. The 
ing solution,— -solution of sulphate of pile may be constructed in the same 
potash, — solution of hydro-sulphuret of manner as the pile witii zinc in the first 
potash, very littie mixture of the fluids, kind of combination ; the cloths moist- 
or chemical action between them will ened with acid being separated from 
take place ; and an alternation of twelve those moistened with solution of hydro- 
series of this kind, forms a battery ca- sulphuret by an intermediate cloth 
pable of producing^ sensible galvanic soaked in solution of sulphate of pot- 
effects. The direction of the electrical ash. Three plates of copper, or silver, 
current is, as usual, from the zinc to arranged in this manner, in proper 
the oxidating fluid. order, produce sensible effects ; and a 
(80.) It has often been remarked that pile composed of twelve or thirteen 

Eorter drank out of a pewter pot has a series is capable of giving weak shocks 

risker taste than when taken out of a and of rapidly decomposing water. Tke 

glass. Professor Robison ascribed this current of electricity is determined as in 

to the influence of galvanism, arising the two former cases, 

from the circle formed by the metal and (84.) Greater permanency may be 

two different fluids. He considered —..''. . ■ .. 

that in the act of drinking, on^ side of • phihsophtcai Tmnuctiom f«r isoi, p. ioo. 
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^ven to the effects of these combina- 
tions of a single metal with two fluids, 
by a disposition of the plates similar to 
the trough of Cruickshanks, vrith par- 
titions alternately of metal and of horn 
or glass; and with the cells filled al- 
ternately with the different solutions, 
according to the kind of combination 
employed ; these fluids bein^ connected 
in pairs with each other, by slips of 
moistened cloth, carried over the non- 
conducting plates. 

• (85.) Efficient galvanic circles may 
also be formed with a single metal and 
with the same fluid solvent, (an acid, 
for example,) provided the action of 
the latter is different on the two sides 
of the metal, by being of different de- 
grees of strength, llius, if one of the 
branches of a tube, bent in the form, of 
a y, contain concentrated sulphuric 
acid, while the same acid in a ailuted 
state occupies the other branch, in which 
case the two fluids will, on account 
of the difference in their specific gra- 
vities, femain without mixing with each 
other ; and two portions of the same 
metal, zinc for instance, be then im- 
mersed in these flmds, and made to 
communicate with each other, galvanic 
electricity will be evolved, and deter- 
mined from the metal to the diluted 
acid, in consequence of the action of 
this portion of acid upon the zinc bein^ 
greater than that of the concentrated 
acid. But with those metals, which are 
more acted upon by the latter than by 
the former, the influence of the concen- 
trated acid will preponderate, and the 
current will be aetermined in an op- 

Eosite direction. In like manner it has 
een observed, that two solutions of 
common salt, the one concentrated^ the 
other diluted, form a gsdvanic circle 
with copper; that * metal ' being more 
acted upon by the latter than by the 
former, became negative to the one 
and positive to the other.* 

(86.) The application of these princi- 
ples will explain a variety of apparently. • 
anomalous facts, which are continually 
presenting themselves in the course of 
experimental researches. Sir H. Davy 
observed, for instance, that when two 
pieces of the same polished copper were 
introduced at the same moment into the 
same solution of hydro-sulphuret of pot- 
ash, there was, as might be expected, no 
action ; but if they were introduced in 
succession, there was a distinct, and 

* Becqutrtl, AnncJe* df Chimis et de Physique, 
XttY. 120. 



often, if the mterval of time was consi- 
derable, a violent electrical effect; the 
piece of metal first plunged in beingne- 
gative with relation to the other. This 
is owing to the rapid formation at the 
surface of contact of sulphuret of cop- 
per, which, by its presence, prevents, or 
at least diminishes, the further action of 
the fluid ; the clean surface of the plate 
last introduced is therefore attacked 
comparatively with greater force, and 
determines a galvanic effect.* Many 
singular and apparentiy capricious 
changes of electric states occur m these 
and other experiments of the same kind, 
whenever new substances are produced 
by the chemical action, which at first, 
adhere to the metal, but are liable to 
be detached in smaller or larger por- 
tions, and thus occasion sudden altera- 
tions in the conditions of the galvanic 
elements. 

(87.) Having thus seen how, under 
certain circumstances, it is possible to 
form various galvanic combinations 
with a single metal and a single fluid, it 
remains for us to notice the attempts 
tiiat have been made to produce the 
same effect without the aid of any me- 
tallic substance, or even of charcoal. 
Lagrave announced that by placing upon 
each other alternate layers of muscle 
and of brain, firom a human bodv, with 
pieced of moistened cloth or leather in- 
teTpDsed, he formed a pile which pro- 
duced galvanic effects.t Br. Baconio, 
of Milan, composed a galvanic pile en- 
tirely of vegetable substances : namely, 
discs of red beet-root, two inches in 
diameter ; and discs of walnut-tree, of 
the same size, divested of their resin by 
d^stion in a solution of cream of tar- 
tar in vinegar. With a pile so con- 
structed, and with a lear of scurvy- 
grassf as a conductor, he is said to have 
excited galvanic convulsions in a firog.j: 
Aldini also succeeded in producing tiie 
same effect without the intervention of 
any metallic substance ; sometimes by 
bringing into contact the nerve of one 
animal with the muscle of another, and 
at other times bv employing the nerves* 
and muscles of the same animal. In 
some of his experiments the most pow- 
erful contractions were excited, by 
bringing the parts of a warm-blooded 
animal into contact with those of a cold- 
blooded animal. On introducing, for 



• Philosophical Transactions for.l826« p. 3^. 
t Journal do Physique , IvL 235; and r«(Kho}jiq!(*f 
tournaJy v. 63. 
% NicboUvn's Journal, xviii. 15^ 
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example, into one of the ears of an ox t oascertain the iufltness of Volta^s com* 

irecently killed a finger of one hand, parison, passed the shocks given by 

moistened with a solution of salt, and living torpedos through the interrupted 

holding in the other hand a prepared circuit made by silver wiro through 

frog, when the spine of the frog was water, but could not perceive that Jt pro* 

made to touch the tongue of the oxt duced the slighest decomposition of that 

convulsions took place in the limb of the fluid. The same shocks made to pass 

frog. In like manner, when he held a through a fine silver wire less than one 

prepared frog bv one hand, moistened 'thousandth of an inch in diameter did 

witn solution of salt, and applied the pot produce ignition. Volta, to whoni 

crural nerves of the animal to the tip Sir H. Davy communicated the results 

of his own tongue, convulsions were of these experiments, considered the 

produced,* Many of these experiments oonditions of the organs of the torpedo 

were made in presence of the members to be best represented by a pile, of which 

of a commission of inquiry appointed by the fluid suostance is a very imperfect 

the French Institute : and they have conductor, such as honey ; and which« 

since been repeated with suecess in though it communicated weak shocks, 

J^ondon, at the Anatomical Theatre in yet did not decompose water. Sir H. 

Great VTindmiU Street, Davy also ascertained that the electrical 

(88.) It* is well known that several shocks given by the torpedo, even when 

fishes, such as the torpedo, which is a powerfm, produced no sensible efiect on 

species of ray ; the gymnotus electricM, an extremely delicate magnetic electro* 

or /he electric eel; the silurus eleotri- meter. In a paper recently read at the 

CU9, a species peculiar to some of the Royal Society, he explains these ne^a- 

rivers in Africa ; and also the triehiurm tive results by supposing that the motion 

indicus, and ietraodon electricus, whicn of the electricity in the organ of the tor • 

are fishes found in the Indian ocean pedo is in no measurable time, and wants 

possess the power -of giving electrical that continuity of current requisite for 

shocks to animals that touch them, or the production of magnetic effects, 

communicate with them by electrical (90.) Mr. Geoffrey St. Hilaire has 

conductors. Anatomical investigation found an organic structure very similar 

has shown that this power resides in tp that of the torpedo in other animals 

organs of a very peculiar construction, of the ray genus, which, nevertheless, do 

In the torpedo they are composed of a not possess any electrical powers, 

great multitude of vertical and parallel (91.) Eleotnoal ejects are obtained 

membranous plates, arranged in longi- from a pile composed of thin plates of 

tudinal columns of quadrangular, pen* different metals in the usual order, with 

tagonal, or hexagonal forms, with a loose discs of writing paper interposed between 

net-work of tendinous fibres passing them. This species of pile was the in- 

transversely and obliquely between the CO- vention of Mr. De Luc, who gave it the 

lumns, and uniting them firmly together, nnm^ oiihe eleotriccd column. It may 

Each column is, moreover, divided by a be constructed of pieces of paper, silver- 

gp^at number of thin horizontal parti- ed on one side, by means of silver leaf, 

tions, placed over each other at very small and alternated with thin leaves of zinc ; 

distances, and forming numerous in* taking care that the- siWered surfaces of 

terstioes, which appear to contain a the paper discs are always in the same 

fluid. All these parts are supplied by a direction. A very large number of these 

great abundance of blood-vessels, and may be contained in a glass tube of mo- 

by a still more extraordinary proportion derate length, previously well dried, 

or nerves. having its ends covered with* sealing- 

(89.) In the regular arrangement of wax, and capped with brass. The most 

their plates these organs have a marked extensive instrument of this kind was 

resemblance to a voltaic battery ; we made by Mr. Singer, and consisted of 

know nothing* however, of the imm&- twenty thousand series. Each of the 

diate source from which they derive two ends or poles of the column affect 

electrical properties. Mr. Cavendish the electrometer, and exhibit electrical 

compared uie action of the torpedo to attractions and repulsions ; the appara^ 

that of a large electrical jar ver)^ weakly tus will even give sparks, and commu- 

charged : and Volta considered it as still nicate shocks of considerable force : but 

more analogous to that of the galvanic it possesses no sensible power of ohemi- 

pile. Sir Humphry Davy, with a view cal decomposition when applied to fluids 

-- •Nichoi,.n'./.«r»a/,iU.m "" » the interrupted circuit. If two 
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upright eleotrioal ooiuibTis b6 plaeed sida which its quantity, intensify, and mode 
by side, with their poles in opposite di- of action are regulated. We* have al- 
rectionSi and connected at their upper ready seen that the intensity of the 
ends» i/?hile a small bell is attached to electricity developed by a sinsrle galvanic 
the lower end of each $ the whole will circle, bears no relation to the extent of 
act as one eolumn, and each bell will* surface of the elements which compose 
in consequence of the electrical actions, that circle. It follows, therefore, that 
be alternately struck by a brass ball however much we may increase the 
suspended between them ; and thus a quantity of electricity by employing very 
continual ringing will be produced aa large plates, as in the calorimotor, we 
long as the machine remains in action, cannot obtain from such an instrument 
which is generally for a considerable any of those effects which require for 
time. This action is, however, kept up their production a certain intensity, as 
solely by the presence of moisture in the well as (juantity of electricity. In order 
paper, for it does not take place at all to obtain these latter effects, we must 
when the paper is perfectly dry ; and employ the compound battery, consist- 
although the process of oxidation is very ing of a considerable number of alter- 
slow, the more oxidable metal is in pro- n^ions of the same elements. The 
cess of time found to be tarnished. former of these instruments, accord- 

(92.) An apparatus somewhat analo- ingly, will be capable of producing such 
gouB to that of De Luo was constructed effects as depend upon mere quantity, 
by Hachette and Desormes with pairs without regard to intensity ; such as 
or metallic plates, separated by layers of the evolution of heat, the ignition «and 
ftirinaoeous paste, mixed with common deflagration of the metals, and electro- 
salt. To this instrument, although it magnetic phenomena. The compound 
evidently owed its efficacy to the mois- apparatus, on the other hand, will afford 
ture of the paste, they gave the very in- the more ordinary electric appearances, 
appropriate name of dry pih» It has (such as the spark, and the phenomena 
the same properties as the electric of attraction and repulsion,) will affect 
column, except that it is unable to ^ve the electrometer, or condenser, and will 
a shock. A pile having nearly similar communicate a charge to a Leyden jar ; 
powers was also constructed by Profes- for in all such operations, intensity of 
sor Zamboni, of Vetona, with discs of electricity is the most essential requisite, 
paper, gilt or silvered on one of their and the power of the battery to produce 
sloes, while the other side was covered them is found to be augmented by 
with a layer of pulverized black oxide of every increase in the number of the 
manganese, mixed with honey. Both alternations. But there is also a third 
this and the former instrument retained class of effects, more peculiarly apper- 
their power for a great length of time. taining to galvanism, which take place 

(98.) Piles formed simply of discs of by the transmission of the electric cur- 
copper and moistened card, placed ai- rent through bodies of inferior conduct- 
temately, were found by Ritter to have ing power ; such as liquids of various 
no power of developing electricity by kinds, and living organized structures, 
their own action, but to be capable of both animal and vegetable : producing 
receiving a charge by being plaoed in the in the former chonioal decomposition, 
cirQuit of a powerful voltaio battery, and in the latter various physiological 
and of thus aequiring, though in an effects, such a« nervous excitation, 
inferior degree, ell the properties of the muscular contraction, and affections of 
battery itself from which it derived its secretion. For the production of these 
activity. The properties of these w- effects it is necessary, not only that the 
condary piles, as they have been called, electricity be sufficiently powerful, 
are obviously the effect of a series of both in respect to intensity and to 
electrical inductions, extending from end quantity, but also that it should flow in 
to end ; and the apparatus is found to a continuous current. It is from the 
retain its char^ for a vesry considerable difficulty of supplying this latter re- 
time, provided it be kept insulated, and quisite, that the eleotncity derived from 
the communications between the two the common electrical machine, is, 
poles are not renewed too frequently. under ordinary circumstances, incapable 
• (94.) Having thus traced the various of decomposing water in the way that 
ways in which galvanic power may be is so readily accomplished by voltaic 
excited, we have next to examine the electricity. It is from deficiency of 
influence of different circumstances, by intensity, on the other haad, that we aro^ 
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unable to obtain the same effects from may have a surflice of copper opposite 

the calorimotor, which amply fulfils the to it, ($ 18.) ; and also of enveloping 

conditions of quantity and continuity, each coil of zinc plate, in the calori- 

The electricity whi6h it furnishes, how- motor, by a coil of sheet copper, (} 8.) 

ever abundant in quantity, does not Mr. Mananini has extended this prin- 

possess sufficient intensity to overcome ciple still further, and has found that 

the obstacle presented by the smallest the maximum of effect takes place when 

thickness of water, or other liquid of the surface of the copper is no less 

low conducting power ; and is, for the than eight times greater than that of the 

same reason, mcapable of penetrating zinc. 

through the skin, or traversing through . (97.) There is yet another cause of 

any other part of an animal body, impediment to the motion of the electric 

Hence we can obtain fi-om it neither current of a singular kind, and which 

chemical nor physiological effects. The produces very considerable effect. It 

electricity furnished by the electric appears from the experiments of Mr. 

column of De Luc, again, though of Au^tus De la Rive, that voltaic elec- 

sufficient intensity to produce the shock tricity, in passing out of one conducting 

and other effects of a sudden influx, is body into another of a different kind, 

too deficient in quantity to produce always sustains some loss of its intensity.* 

chemical action ; and the same general The amount of this loss varies much in 

observations apply to the electricity of different cases, according to the nature 

the torpedo. of the two conductors ; and it is differ- 

(95.) Every circumstance that faci- ent with different degrees of intensity, 
litates the passage of the electric current In the case of the passage of the elec- 
in all parts of the circuit, will tend to tricity from a fluid to a metal, or vice 
increase the quantity that circulates, versa, it is very great, and it is sensible 
The decree of conducting power pos- even when it has to pass from one li- 
sessed by the fluid parts of the circle, quid to another, or along a mixed con- 
will, therefore, have an important in- ductor composed of two different kinds 
fluence on the power of the apparatus, of solids. The impediment arising from 
Hence the addition of various saline the mere change of conductor is quite 
bodies to the fluid is found to increase independent of the peculiar conducting 
the efficacy of the voltaic battery» pro- powers of the one or the other of the 
bablv, in part at least, by increasing the substances throu^ which the electri- 
conaucting power of the fluid ; but as city passes. Mr. I>e la Rive found, for 
such substances g^enerally also promote example, that a much ^ater obstacle 
chemical action, it is always in some existed to the transmission of the elec- 
degree doubtful what part of the effect tricity between sulphuric acid, especially 
is to be ascribed to the one or the when concentrated, and platina, tnan be- 
other of these causes. tween nitric acid and the same metal ; 

(96.) As the fluid element of the and accordingly, on sending the electric 
circle is the part having the smallest current from a voltaic battery through a 
conducting power, the electric current number of portions of sulphuric acid, 
will be retarded by having to pass contained in separate glasses, and con- 
through any considerable extent of fluid, nected by arcs of platina wire, it proved 
With a view to augment the activity of to be a much worse conductor than when 
the battery, it is an object to bring the nitric acid was employed in a similar 
two metallic surfaces of Z and C very arrangement. But the conducting powers 
near each other, so that the distance the of each system of compound conductors 
electricity has to pass from the one to were immediately rendered equal by 
the other, through the fluid, shall be as dipping the ends of the platina wires in 
small as possible ; and for the same rea- nitric acid, before immersing them in 
son the surface of C, which collects the the sulphuric acid.t 
electricity from the fluid, should be suf- (98.) In general the more readily a 
ficientiy extensive to effect this purpose .metal is acted upon by lic^uid conductors, 
completely. We hence perceive the reason the less is the diminution of intensity 
of the advantage derived from employ- which is sustained by the passage of 
ing in the common trough battery, ac- electric currents through them. Mr. 
cording to the suggestion of Dr. .Wol- X)e la Rive states it to be a general 
laston, a double plate of copper to each . 

latter metal acted upon by the fluid, f ibid. p. 273,: 
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law, that, independently of the effects of 
chemical action, the influence of the 
obstacle opposed to the passage of elec- 
tricity from a fluid to a solid conductor, 
is such, that when two metallic surfaces, 
either of the same or of different metalsj 
are immersed in a fluid, so as to form a 
galvanic circle, that metal which trans- 
mits the electricity. with the least loss, of 
intensity is positive with respect to the 
other metal* 

(99.) The influence of this retarding 
cause varies also with the intensity of 
the current itself. The loss of electricity, 
from its passage through a number of 
metallic plates, is scarcdy sensible when 
the current is very energetic, as, for in- 
stance, when it proceeds from a battery 
composed of a great number of plates ; 
but it becomes more and more percepti- 
ble, according as the original intensity 
of the current is less considerable. It 
is also remarkable that the current is 
disposed to pass niore readily through 
imperfect conductoirs, which present a 
great degree of resistance, when it has 
previously been made to traverse a great 
number of metallic plates. This was 
illustrated in two comparative experi- 
ments, in the flrst of which a current, 
originally of high intensity, was reduced, 
by passing through a considerable num- 
ber of plates, tiU it was equal in inten- 
sity to one originally weaker, that had, 
in thie second experiment, passed through 
a smaller number ; of the two currents, 
thus apparently rendered equal m every 
respect, it was nevertheless found that 
the one which had previously passed 
through the greater number of plates, 
was thereby rendered capable of passing 
tlurough any succeeding plate with less 
loss of intensity than the other current. 
The phenomena, he states, correspond 
to those which would take place, if we 
could imagine that there were two dis- 
tinct kinds of electric cuirent — ^the one 
capable of passing indiscriminately 
through all sorts of conductors, ffood or 
bad ; the other capable of passingmrough 
good conductors alone. The passage of 
ttie currents through successive plates 
graduadly effect the separation of these 
two portions, the plates arresting the 
one which cannot pass so readily through 
bad conductors, and giving free passage 
to the other portion. 

(100.) M. Dela Rive has applied this 
theory to the explanation of the different 
effects resulting from the increase of the 
number of the plates. If the pile, he 

* Annalei de CMnM et di Phytiqw^ xxxvu, $81. 



says, consist only of a small number of 
plates, the electncity produced by it, not 
having undergone the above process of 
titration, as it may be called, only one 
part of it will be capable of passing 
through an imperfect conductor, which 
is presented to it, and the other part will 
be arrested ; but if a good conductor be 
presented, the whole of the electricity 
finds a ready passage, and will produce 
corresponding effects. Electricity of the 
former kind only wiU be capable of pro- 
ducing chemical decompositions, and of 
passing through organized bodies ; but, 
in the Tatter case, it will be adequate to 
the production of all the calonflc and 
magnetic effects. These modifications 
of electricity would, if this theoiy were 
established, have a remarkable analogy 
with those of light and of heat, mider 
circumstances somewhat parallel. 

(101.) It must be observed, however, 
that one source of the diminution of 
effect consequent on the multiplication 
of surfaces, exists in the transfer of ele- 
ments which takes place in the fluid from 
galvanic action. This transfer, as is re- 
marked by Sir H. Davy, in as far as it 
has actually occasioned the deposit of a 
positive element on the negative surface, 
and vice versd, has an immediate in- 
fluence in checking the further progress 
of the galvanic action; and arrests it 
completely when it has proc^ded to a 
certain extent Hence the powers of 
batteries are found to diminish by the 
continuance of their action, and ulti- 
mately to cease. This change we have 
already noticed in treating of the che- 
mical actions of the simple galvanic cir- 
cle. (Ml.) 

(102.) It is obvious that the several 
causes of retardation now stated render 
it exceedingly diflScult to determine, pre- 
vious to actual experiment, the relative 
powers of different batteries, composed 
of different materials, and consisting of 
different numbers of alternations of its 
parts. 

(103.) It is not easy to understand 
the manner in which the chemical ele- 
ments of a body decomposed by gal- 
vanism, are carried to their respective 
stations in the voltaic circuit.' Thus if 
the influence of a powerful battery be 
transmitted through water, it will ope- 
rate in decomposing that fluid, although 
the wires which form the communica- 
tion with the poles be at a consider- 
able distance from eacn other. They 
may even be placed in separate vessels, 
provided the portions of water in which 
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they fermintte are made to oommuni- have appeared to iome so inexpUeable, 

oate with one another by means of a upon the commonly received doctrine of 

syphon full of water, or even by moist* the composition of water, that they have 

ened threads. We find, under these had recourse to a new hypothesis in order 

circumstances, the whole of the oxygen to solve the difiioulty. Professor Ritter 

of the decomposed water transferred to was led to consider water as a simple 

the positive, while the hydrogen is col* substance, forming oxygen by its com* 

lected at the negative wire. Two ques* bination with positive electricity, and 

tions may here be asked : first, in what hydrogen by its union with negative 

part of the circuit does the decomposi* electricity ; and this theory was adopted 

tion take place ? secondly, in what mode by several other philosophers. Monge 

are the elements of the decomposed par* endeavoured to account for the pheno- 

ticles transferred to such distant pomts, mena, by supposing that water formed 

without any indication being afforded of compounds with excess of oxygen on 

their movements, which must be exceed* the oiie hand, or excess of hydrogen on 

inglv rapid, in order to traverse through the other ; which compounds passed in 

BO long a space ? The velocity of this opposite directions between the two 

transfer would appear to be very const- wires, each depositing on their arrival 

derable from the following experiment the superabundant ingredient. Dr. Bos* 

made by Dr. Roget, in the year 1807. took conceived that the water was de* 

The ends of two platina wires, oommu* composed at the positive wire only, 

nicating with the poles of a powerful where its oxygen was disengaged ; and 

battery, were introduced into two sepa* its hydrogen, uniting with electricity^ 

rate vessels of water, communicating by was oarried invisibly along with it to 

means of a long tube, l)ent into the form the negative wire, where this union 

of a syphon, and filled with a solution being dissolved, the eleetrioitv passed 

of common salt. The whole length of on through the wire, and the hydrogen 

the fluid part of the circuit between the appeared in its gaseous form, 

two wires was 46 inches. Microscopes (106.) The following mode of ex* 

were applied to the ends of the wires, plaining these phenomena was sug. 

for the purpose of enabling the observer gested by Dr. Roget, in a paper which 

and an assistant, (who was the late Mr. was read to the Philosophical Society 

Sylvester,) to ascertain the precise mo- of Manchester, in 1807. 

ment wh^ the gases made th^ appear* ** We may conceive the agency of 

ance at the respective wires. No sen* dectricity to extend throughout the 

sible interval of time oould he perceived whole of the fluid line connecting the 

between the appearance of the oxygen two wires. The hydrogen existing in 

gas at the positive, and of the hvdrogen every particle of water in this line, will, 

gas at the negative wire, when the com- if it possess a positive electrical polarity, 

munications with the battery were made, according to the hypothesis of Mr. 

(104.) The transfer of material and Davy, be repelled by the positive, and 
ponderable substances, such as those attracted by the negative whre. We 
which constitute the elements of water, m&v consider the row of particles of 
might be expected, even with a moderate hydrogen abstractedly from those of 
velocity, to occasion visible currents in oxygen. While the former are moving 
the fluid through which they pass ; for together, by the agency of thedectrioity, 
their motion, by whatever force pro- in a direction towards the negative wire, 
duced, must be accompanied by a certain all those particles which have not yet 
momentum, sufficient to displace the reached that wire, will merely have to 
particles of the fluid through wnich they pass over in succession from one par- 
pass. Dr. Roget could, however, detect tide of oxygen to the next, among those 
no appearance of current or displace- of the other row. They will not appear 
ment of fluid ; such as would be indi- in the form of gas, because the instant 
cated by movements among the minute each has quitted the particle of oxygen 
globules of dust, or other extraneous with which it was associated, it meets 
matters suspended in the water, even with another to combine with ; and this 
with the assistance of the microscope, process will be continually repeated 
Mr. Wilkinson and Professor de la Rive, until it has arrived at the end of the 
have also arrived at the same conclu- line, when, finding no oxygen to unite 
sion, by employing microscopes of high itself with, it will makeats appearance 
magnifying power in the form of gas. In like manner, the 

(105.) These phenomena of transfer first particle of hydrogen, in the series, 
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by its abandoning the first particle of 
oxygen, which finds no other particle of 
hydrogen to replace it, causes tne oxygen 
to appear at that point in the form of 
gas. We have thus the two gases formed 
at each end, not from the same indivi- 
dual particle of water, but from the two 
which happen at that moment to be in 
contact with the wires. The production 
of the two gases will take place at the 
same instant in both places, each paiv 
tide having only to move one step, that 
is, from one particle to the adjoining 
one, instead of having to traverse the 
whole extent of the line, and no current 
will be perceptible in the fluid. If this 
theory be correct, the operation of gra- 
vity in favouring the descending current 
of the heavier element, namely oxygen, 
might be rendered sensible ; and that 
this is actually the case appears by an 
observation of Mr. Sylvester, that when 
the wire giving out oxygen is placed at 
a much lower level than that which 
gives out hydrogen, the effect is sensibly 
greater than when the positions are 
reversed." 

(107.) Similar explanations of the 
mode of transfer have been given by 
Dr. Henry, and by Grotthus ; and from 
the following passage in Sir H. Davy*8 
last paper on the subject,* it would 
)}eem that he entertained views some- 
what similar. ** If it be supposed that 
the fluid is divided into two zones, di- 
rectly opposite in their powers to the 
poles of the battery, the virtual change 
may be regarded as taking place in the 
two extremities of these zones nearest 
the neutral point ; so that by a series of 
decompositions and recompositions, the 
alkaline matters and hydrogen separate 
at one side, and oxygen, pure, or in union, 
at the other. In this way the electricity 
may be regarded as the transporter of 
the ponderable matters, which assume 
their own peculiar characters at the mo- 
ment when they arrive at the point of 
rest." That visible motions are sometimes 
produced in fluid conductors when 
transmitting the electric current, has 
been shown by Sir H. Davy, who no- 
ticed the very singular convulsive agi- 
tations into which mercury is thrown, 
when placed within the circuit of a pow- 
erful voltaic battery discharged through 
water.! These motions, which are fre- 
quently of a violent and capricious kind, 
have also attracted the attention of Mr. 



Herschel, and he has made them the 
subject of an interesting research, of 
which an account is contained in the 
Philosophical Transactions.* 

(108.) The following singular fact 
has been noticed by Mr. Porrett : — If a 
vessel be divided by a membranous par- 
tition into two compartments, of which 
the one is filled with water, and the other 
contains but a very small quantity, and if 
the positive wire from a voltaic battery be 
inserted into the former, and the nega- 
tive wire into the latter, the water will 
be impelled from the first compartment 
into the second, through the partition, 
and win at length rise to a higher level 
in the latter than in the former.f Mr. 
A. De la Rive, upon repeating these 
experiments, arrived at the same result, 
when he employed distilled or river 
water, which has but a small conduct- 
ing power; when, however, a saline 
solution of sufficient strength was used, 
no such effect of impulsion was per* 
ceptible. But the reality of such an 
efi'ect under the above circumstances, is 
sufficient to establish the existence of 
a mechanical fcree derived from the 
current of voltaic electrioity. 

(109.) We have already had occasion 
to observe that a theory, founded upon 
totally different views of the sources of 
galvanic power from those which have 
now been stated, has been applied to the 
explanation of the phenomena. As this, 
which has been termed the electric 
theory of ealvanism, has been adopted 
by several eminent philosophers, it 
ought not to be considered as undeserv- 
ing of notice in this place. 

(110.) It was conceived by Volta, the 
original author of this theory, that the 
ptimary source of the electncity liberated 
during the action of a galvanic appa- 
ratus, might be traced to the contact of 
the dissimilar metals. He assumed as 
a fundamental fact, that during the 
whole time that these metals are in 
contact, a certain force is in constant 
operation, tending to effect a transfer of 
electricity from the one metfd to the 
other. To this force he gave the name 
cf electromotive force. When, for ex- 
ample, zinc and copper are in contact, 
the alleged operation of this force is to 
impel the electricity from the copper to 
the zinc, so as to maintain in the latter 
a positive state, when compared with 
the former, which will, consequently 



• Philosophical Transactions for 1896, p. 416, 417> 
t Elements of Chemical Philosophy y p. 173, 



• For lesi, p. 168. 
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itself be in a negative state with relation 
to the zinc If either of these states be 
reduced to a more neutral condition by 
communication with other bodies ; that 
is, if the redundant electricity of the 
zinc be carried off, and the deficiencjr 
of electricity in the copper be supplied 
from other sources, the electromotive 
force will, he conceived, immediately 
renew this difference of condition, and 
thus maintain a continual and rapid 
current of electric fluid, flowing always 
in the same direction. 

(111.) It was further assumed m this 
theory that liquids have no electromo- 
tive power when in contact with metals : 
and that this negative property enabled 
them to transmit the electricitv evolved 
by the contact of the zinc and copper, 
and which is accumulated in the zinc, 
back again to the copper ; whence it is 
again transferred to the zinc ; and so on 
in a perpetual circle. In compound 
galvanic circles, the electromotive force 
residinfif in the surfaces of contact be- 
tween me two metals in each pair of 
plates, are all tending in the same direc- 
tion ; and the several impulses they 
give to the electricity conspire together 
to increase the effect, which will there- 
fore be the sum of all the forces taken 
separately. Thus will a continued and 
powerful stream of electricity be deter- 
mined from the negative to the positive 
pole of the battery, ready to circulate 
tiurough any conducting line of com- 
munication extending between the two 
poles. The office of the fluid is consi- 
dered, in this theory, as simply that of 
conducting the electricity from the one 
metal to the other : its chemical action 
on either of these being regarded as a 
mere accidental circumstance, not in 
any way concerned in the production of 
galvanic or electrical effects. The effec- 
tive quantity of electricity which actually 
circulates in the voltaic battery is sup- 
posed to be determined altogether by 
the degree of conducting power possessed 
by the lic^uid : for it is assumed that 
the quantity which the electromotive 
force existing at even the smallest sur- 
face of contact between dissimilar me" 
tals could set in motion, if the move^ 
ments of that electricity were not 
impeded by the difficulty of its trans- 
mission through fluids, would be incom- 
parably greater than that which any 
conducting fluid can discharge. 

(112.) Such is the g:eneral outline of 
the electric theory, which it is scarcely 
necessary to pursue in its various appli- 



cations, because ' there are - several 
facts which appear so totally at variance 
with the immediate consequences of its 
fundamental hypothesis, as to warrant 
us in rejecting it. Chemical action be- 
tween some of the elements of a galvanic 
combination is sO invariably connect^ 
with the production of electrical effects, 
that it would be a violation of all just 
rules of philosophy not to consider these 
two classes of phenomena as standing 
to each other in the relation of cause 
and effect. The quantity of galvanic 
effect is always in proportion to the 
energy of the chemical action. The 
extent of contact between the two me- 
tals, on the other hand, appears to 
have no relation to the quantity of elec- 
tricity which is developed. • Combina- 
tions producing galvanic effects may be 
formed, as we have seen, with a single 
metal only, when two fluids are present ; 
and indeed, on other occasions, without 
the presence of any metallic substance 
whatever. We have also seen that the 
same metals do not in all cases stand in 
the same invariable electrical relation 
to each other ; but that this relation is 
determined by the chemical properties 
of the fluid with which they are placed 
in contact. (} 75.) All these facts are 
irreconcilable with the electric theory. 
. (113.) Were any further reasoning 
necessary to overthrow it, a forcible 
argument mi^ht be drawn from the 
following consideration. If there could 
exist a power having the property 
ascribed to it by the hypothesis, 
namely, that of giving continual im- 
pulse to a fluid in one constant direction, 
without being exhausted by its own 
action, it would differ essentially from 
all the other known powers in nature. 
All the powers and sources of motion, 
with the operation of which we are 
acquainted, when producing their pecu- 
liar effects, are expended in the same 
proportion as those effects are pro- 
duced; and hence arises the impossi- 
bility of obtaining by their agency a 
perpetual effect ; or^ in other words, a 
perpetual motion. But the electro-mo- 
tive force ascribed by Volta to the me- 
tals when in contact, is a force which 
as long as a free course is allowed to 
the electricity it sets in motion, is never 
expended, and continues to be exerted 
with undiminished power, in the produc- 
tion of a never-ceasing effect. Against 
the truth of such a supposition, the pro- 
babilities are all but inflnite. 
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Chaptbr I. two oxides of that metal, together witti 
J o • • 1 * small proportion of quartz and alu- 
General Facts and Principles, mjna. Its colour varies in different spe- 
ll.) The attractive power of the load- cimens, according to minute differences 
stone for iron was known in times of >" ^^e proportion of the oxides, and the 
very remote antiquity, and has been, in nature of the other substances with 
all ages, a subject of curiosity and of which they may be found united : but it 
wonder. It is a property which seems, « "dually of a dark grey hue, and has 
at first sight, so unconnected with eveiy a dull metaUic lustre. It is found m 
other, as to form of itself a separate considerable masses in the iron mmes 
class among natural phenomena; and, ^F Sweden and Norway, and also in 
although an immense mass of knowledge different parts of Arabia, China, Siam, 
relating to Magnetism has been accu- *"« the Philippine Islands. Small load- 
mulated by the labours of successive atones have occasionally been met with 
generations, and embodied into a science among the irori ores of England, 
of high rank and importance, yet the (?•> There are several modes in which 
field It comprises is of comparatively * P?«ce of iron may be rendered mag- 
limited extent. This arises from the "^etic, or converted into what is called 
great simplicity which characterises both ^ arUfictal magnet; and for all pur- 
the phenomena and the laws that govern P^ses of accurate experiment such a 
them; a quality, however, which pecu- maf^^t is much to be preferred to a 
liariy invites a philosophic mind to loadstone. The following is a simple 
undertake their investigation. A still ^"^ ^^^y ?n?thod of obtaining artificial 
more powerful motive to this inquiry magnets with a view to the investigation 
wUl present itself when we reflect on of the magnetic properties, 
the signal benefits mankind has derived , ^^?- straight bar of hard tempered 
from magnetism as applied to the pur- steel, devoid of all perceptible magnetism, 
poses of navigation. The discovery of ^e *ield m a vertical position (or still 
the compass, ly the aid of which, the better, m a position slightly inclined to 
mariner, however distant from land, ?*»« perpendicidar. the lower end deviat- 
amidst cloudy skies, or in the darkest ^^ *<> t^e north,) and struck several 
nights, is enabled, at all times, to steer ™«-t J>J<>w» ^^^ ^-^Tu^lii' '^ '''^* ^ 
his course with certainty, and traverse ^J^S? *° *^ave acquired, by this process, 
in all directions the wide expanses of all the properties of a magnet. 
ocean which separate the countries and , C5.) These properties are the four fol- 
continents of our globe, must unques- lowing:— viz. 1. Polarity. 2. Attrac- 
tionably rank among the great discove- t»on of uiimagnetic iron. 3. Attraction 
ries that have essentially contributed to and repuUion of magnetic iron. 4. The 
advance the civUization of the human pwer of inducing magnetism in other 
^^^ iron. These we shall now explain and 

(2.) The term Maoicetism expresses illustrate. 
the peculiar propert;^ occasionally pos- A i P ; */ 

sessed by certain bodies, more especially * *' '^o/artfy. 

by iron and some of its compounds, (6.) If a bar, which has been ren- 

whereby, under certain circumstances, dered magnetic, be supported in such a 

they mutually attract or repel one manner as to have entire freedom of 

another, according to determinate laws, motion in a horizontal plane, and be re- 

(3.) This property was first noticed moved from the neighbourhood of all 

in a mineral substance called the native ferruginous bodies which might influ- 

magnet, or the loadstone, which is an ence it, it will spontaneously turn round, 

ore of iron, consisting chiefly of the and, after a few oscillations, will finally 
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settle in a position directed nearly north 
and south. If it be disturbed from this 
situation and placed in any other direc- 
tion, it will, as soon as it is again at li- 
berty to move, resume its former posi- 
tion. The end of the bar which points 
to the north, is that which was lower- 
most at the time it acquired its magnet- 
ism by hammering: the end which, 
during that operation, had been the 
upper one, is consequently that which, 
wnen the magnet is free to move, directs 
itself to the south. The two ends of a 
magnet of this form are called its poles : 
the one which spontaneously turns to the 
north, being distinguished as the norths 
and the other as the south pole: and 
the tendency of the mat^net to assume 
the above described position is called its 
Polarity, The straight hue joining the 
two poles of a magnet is called its cuds, 
(7.) There are several ways of sup- 
porting a magnet so as to enable it to 
manifest its polarity. The readiest mode 
is to suspend it by a thread, fastened 

Pig^ 1. 
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When thus fitted up, it acts nke the 
needle of a mariner's compass ; and in 
its principle is identical with that in- 
strument. 

(9.) We may sometimes find it more 
expedient to nx the magnet on a piece 
of cork, and thus make it float on water« 

Fig, 3. 
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round it at the middle, so that it 
may be sufficiently balanced to pre- 
serve its horizontal position as it turns 
freely round its centre. It cannot, in- 
deed, turn thus, without, at the same time, 
either twisting or untwisting the thread 
by which it han^s ; and the reaction of the 
thread, the fibres of which tend to resume 
their original situation, or the force of 
torsion, as it is called, may prevent the 
magnet from assuming the precise po- 
sition to which iis polarity would have 
brought it. But by employing a very 
slender thread, and taking it of sufficient 
length, the force of torsion may be so 
much reduced as to be quite insensible 
in the experiments about to be described. 
(8.) Another convenient mode of ex- 
amining the horizontal movements of 
the magnetized bar is to poise it on its 
centre, hollowed into a cap, which is 
made to rest on afi^ne point fixed in a stand. 



in a basin. In this case, we must take 
care, however, that it be kept at a suffi- 
cient distance from the sides of the 
vessel to prevent its being affected by 
the capillary attractions of the water. 

The same precaution must be used if 
the magnet be made to float on the sur- 
face of mercury, which is an excellent 
mode of giving it complete liberty of 
motion. But the vessel containing the 
mercury should be at least six inches in 
diameter, in order to guard against the 
effects of the curvature of the surface 
of the mercury near the sides. When 
the surface of the mercury is very clean 
and bright, which happens only when 
the metal is veiy pure, it allows of the 
ready motion of pieces of iron floating 
upon it. But it soon tarnishes, and the 
film of oxide which forms on the surface, 
becomes a great impediment to the 
freedom of motion of the floating body. 
The best way of rendering it clean, is to 
strain it through a funnel of paper 
rolled up into a cone, having a smaL 
aperture at the point, of about the for- 
tieth of an inch in diameter. 

} 2. Attraction of Iron, 

(10.) If either pole of a magnet be 
brought near any small piece of soft 
unmagnetic iron, it will be found to at- 
tract it Iron filings, for instance, are 
immediately collected together when a 
magnet is placed among them; and 
they adhere more especially to the poles 
(as shewn in fig.A, K), from which. 
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F^' 4. (12.) If the two bodies exerting a 

mutual action upon one another, be 
very different in their size, the smaller 
of the two will necessarily exhibit the 
effects of this action more stronfjly than 
the larger, because, its mass being less, 
the same force will communicate to it a 
greater velocity of motion. We find, 
accordingly, that the small fragments of 
when the magnet is lifted up, they re- iron in the experiment just described, 
main suspended in thick clusters. (Fig. appear to fly towards the magnet, while 
4, B.) A small number of filings are their reciprocal action on the magnet 
also found adherent to the intermediate itself is imperceptible. But this latter 
parts of the bar, but they are evidently action may be rendered sensible by try- 
attracted much more feebly than those ing its effect on a magnet poised or sus- 
at the ends ; it may also be remarked pended in any of the ways above men- 
that there is a part of the magnet, gene- tioned ; and we shall find that on pre- 
rally mid- way between the two ends, to senting a piece of soft iron to either of 
which the filings have no tendency to the poles of the magnet, the latter is 
adhere at all, and which appears there- slowly attracted by the iron. The at- 
fore to have no power of attraction, traction, therefore, between the magnet 
Thus it appears that the attractive and the iron is reciprocal, 
forces, whatever be their nature, reside Let us next see what influence mag- 
chiefly at the poles. nets have upon one another. 

(11.) It is an established law of na- . . .^^ ^. , _ , . .. ,-. 
ture, the knowledge of which we have § ^' Attraction and RepuUion of Mag- 
deny ed by induction from a vast variety ^^^^^ Iron, 
of phenomena occurring in every part (13.) For the purpDse of examining' 
of the material universe, that all action the mutual action of two magnets, we 
is attended by a corresponding reaction^ may either present to the poised magnet 
equal in degree, but opposite in its kind, another magnet held in the hand, or we 
to the action itself. Mechanical philo- may place two poised magnets in dif- 
sophy, in all its departments, abounds ferent positions with respect to each 
with exemplifications of this funda- other. We shall find by sufi[iciently 
mental principle ; many of these, indeed^ varying these positions, that when the 
are matters of familiar observation, poles of different magnets are brought 
The stretched rope pulls back with equal near one another, they in some cases 
force at both its ends ; the compressed appear to be attracted towards each 
spring resists equally in two opposite other, while in others they manifest a 
directions ; the exploding powder, at mutual repulsion. This, however, does 
the same moment that it propels the not happen capriciously ; for if we mark 
ball, gives to the gun its recoil. In all the poles according to the distinction 
the effects resulting from cohesion, from already pointed out, we shall find that 
elasticity, from caloric, from animal two north poles always repel each other : 
force, from gravitation, whether actuat- — that two south poles also repel each 
ing the minutest particles of matter, or other : — but that the north pole of one 
the largest masses ; whether exerted on magnet invariably attracts, and is pf 
the rolling waters of the ocean, or dis- course attracted by the south pole of 
played on the grander scale of the pla- another masnet. 
netary movements, the same universal (14.) It thus appears that there are 
law is rigidly observed. To every phy- two species of magnetic powers, the 
sical force there is opposed another and northern and the southern, which in 
a similar force. No material agent can their mode of action are perfectly simi- 
produce an effect upon another, without lar, but in their effects are directly op- 
being at the same time subjected to an posite. 

equsd reaction from that other agent. (15.) Such of our readers as have 

All attracting: body must of necessity be studied our Treatise on Electricity must 

itself attracted, and a repelling body re- here be struck with the pointed analogy 

peUed. This perfect reciprocity of ac- which subsists between the phenomena 

tion takes place in all the agencies of of magnetic attraction and repulsien, 

dectricitv ; — it exists also in those of and those of electricity. In both there 

magnetism. exists the same character of double 
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af^encies of opposite kinds, capable, m^^m^Bm^^sBosBsm^^ (\m^J^ 

when separate, of acting with great — rgggh^P^i iii 'iii i h i ^^ ' m i J Xj^^^T 

energy, but being, when combined toge- ^^ I 
ther, perfectly neutralized and exhibit- 
ing no sign of activity. As there were 

two elecmcal powers, the positive and j^^- g 

the negative, or, as some prefer denomi- ^' 
nating them, the vitreous and the re- 
sinous, so there are two magnetic 

powers, distinguished as the northern hold it horizontally near one of the poles 

and the southern polarities ; or, as some of a strong magnet, also lying in a nori- 

choose to designate them, the austral zontal position, but not touching the 

and the boreal. The parallel is most key ; and if we then apply another light 

exact. Both sets of phenomena are go- piece of iron, such as a small nail, to the 

vemed by the same characteristic law, other end of the key, the nail will hang 

which may be expressed by the follow- from the key, and will continue to do so 

ing concise and general formula, namely, while we slowly withdraw the magnet 

— between like powers there is repm- horizontally from the key. When the 

sioD ; between unlike, attraction. magnet has been moved beyond a cer- 
tain distance, the nail will drop from the 

§ 4. Induction, key, because the magnetism induced on 

(16.) The communication of mag:- the key becomes, at that distance, too 

netic properties to iron or steel by the weak to support the weight of the nail, 

mere approach of the poles of a magnet. That this is the real cause of its falling 

is also analogous in its principal cir- off may be proved by taking a still 

cumstances to electric induction. lio:hter fragment of iron, such as a piece 

E.. - of very slender wire, and applying it to 

^g' 5. ^ ^ ^j^g j^gy Yj^g magnetism of the key 

^^^B ^^aa ^ai ^*^^ ^^^^^ ^^ sufficiently strong to support 

j^ ^^^ ^ ¥>" '* *^® yfire, though it could not support 

the nail : and it will continue to support 

If the north pole, N, of a magnet A the wire, even when the magnet is yet 

{Jig, 5), be brought near to the end * of further removed ; at length, however, 

an unma^etized bar of iron, B, that when the distance is still greater, the 

end will immediately acquire the pro- wire, in its turn, drops off- 

perties of a south pole, while the oppo- The same effects may be observed if 

site, or distant end, n, will at the same the nail be placed in contact with the 

time be converted into a north pole. If, near end of the key ; but they are gene- 

instead of the north pole, N, tne south rally less distinct, on account of the di- 

pole, S, had been presented to the bar, rect influence which the magnet exerts 

the changes effected in B would have on the nail, and which interferes in some 

been iust the reverse ; the adjacent end degree with the action of the key, so 

would have acquired the northern, and that the results become complicated, 

the distant end the southern polarity. (19.) The same series of phenomena 

(17.) Thus we may observe that each take place when the key is held above 

pole of a majgnet induces the opposite or below the pole of the magnet, or on 

kind of polarity in that end of the iron either side of it. The key will hold the 

which is nearest to it, and the same kind nail or wire suspended from either end, 

on the remotest end ; just as happens in as long as the magnet is near enough to 

the induction of electricity, in which the exert sufficient influence on the key. 

positive state induces the negative, and (20.) If the key be laid upon a piece 

the negative the positive state, in those of paper on a table, and several small 

parts of an insulated conductor which bits of wire, or iron filings, be strewed 

are nearest to the electrified body ; and round one end of the key, which we sup- 

a similar stale of electricity in the dis- pose to be devoid of aU magnetic pro- 

tant end. perties, no adhesion will be perceptible 

(18.) That the iron, while it remains between the fragments of iron and the 

in the vicinity of the magnet, possesses key. Let us now approach the pole of a 

the magnetic properties, may be shown magnet to the other end of the key ; we 

by H variety of experiments. immediately observe the filings and 

First, it attracts other iron. If we lighter pieces of iron spontaneously, and 

take, for instance, a key (y^. 6), and ofoneaccord, move towards the key, and 
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adhere to it just as if the key had itself and let the weight which this magnet 
become a magnet. They also col- will carry be ascertained by attaching to 
lect and cohere together, as if animated the iron a scale, capable of holding the 
by a common sympathy. When this weights necessary for this trial, and 
has taken place, let us suddenly remove which may be gradually increased till 
the magnet : that moment all these ef- the piece of iron drops oflF from the 
fects cease at once, the key returns to magnet. Repeat this experiment, hav- 
its natural or unmagnetic state ; the ing previously placed a bar of iron in 
hits of iron which had attached them- contact with the other pole of the mag- 
selves to it immediately fall ofF, and net, and it will be found that the mag- 
show no tendency either to cohere among' net wiU now support a much greater 
themselves, or to adhere to the key. weight ; showing the increase of powei 

(21.) Secondly, the vicinity of a mag- it has derived from the presence of the 

net to a piece of iron gives it the pro- bar of iron which has been applied to 

perty of attracting and repelling: the re- the other pole, and the induced magnet- 

spective poles of another magnet, in the ism of which, although solely derived 

same way as a magnet would nave done, from the magnet, reacts, by a kind of 

The truth of this proposition may easily secondary induction, upon that magnet, 

be proved by placing a small compass We have already had occasion, in the 

needle poised as in J^. 2, in various si- Treatise on Electricity, to notice the 

tuations relative to the ends of the key or same kind of reaction in the case of elec- 

any other piece of iron of a lengthened tricunduction. The increased intensity 

shape, while in the vicinity of the magnet, which a magnet acquires by induction 

It will be seen by this examination that often leads to the permanent acquisition 

the piece of iron has acquired by induction of power by the magnet. Hence we may 

two poles, the qualities of which will be understand the reason why a magnet that 

discovered by their attractions or repul- is employed for magnetizing a neutral bar 

sions of the poles of the compass needle, of steel, by means of its inductive power, 

as they are respectively presented to becomes itself stronger by the operation, 

each; and it will be found that these (24.) It is a necessary consequence of 

two poles are disposed in the manner the law of magnetic induction that it is 

specified above. accompanied by attraction : for the po- 

(22.) Thirdly, the iron, which has be* larity of the adjacent end of the piece of 

come magnetic by induction, has at the iron on which the magnetism is induced, 

same time acquired the power of in- is always of the opposite kind to that 

ducing a similar state of magnetism on of the pole of the piece which induces it : 

the iron in its neighbourhood. Thus, according to the fundamental law of 

while the bar B^Jig. 5, is rendered mag- magnetism, therefore, a mutual attrac- 

netic by the influence of the magnet A,* tion must take place between them. The 

it exerts itself a similar power on an- remote end of the piece on which the 

other bar C, rendering it also magnetic, magnetism has been induced is indeed 

The bar C, in its turn, will act m like repelled, because its polarity is similar 

manner upon another bar, D, and so on. to that of the inducing pole: but it is 

In this way the influence of the magnet A evident that the attractive axstion of the 

may be made to extend along a series of adjacent and dissimilar poles will always 

iron bars or pieces of any other shape, be stronger than the repulsive action of 

each acquiring magnetism by the indue- the more distant poles ; and will there- 

tive power of the preceding piece ; and in fore alw^s prevail, 

its turn inducing magnetism on the next. (25.) This remark leads us to a very 

(23.) But this is not aU. The piece important step in the generalization of 

of iron which has been rendered magne- the magnetic phenomena. We have 

tic by the vicinity of a magnet, not only hitherto spoken of the attractive power 

acts upon the other iron that is near it, of magnets for iron as one of the 

but also reacts upon the magnet from primaryfactsin the science: but we now 

which its power is derived, and increases see that it is merely a necessary result of 

the intensity of its magnetism. The a more general law, namely, that of in- 

power of a magnet is, in fact, augmented duction, together with the law of action 

by the exertion of its inductive influence of the two polarities upon each other : — 

on a piece of iron in its neighbourhood, or, in other words, that it is itself com- 

A sim^e experiment is sufficient to prehended in these more general facts, 

prove this fact. A magnet attracts a piece of unmag- 

Let a piece of iron be suspended from netio iron, not from any inherent dispo- 

ane of the poles of a straight magnet ; sition to attract it in that state, but in 
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consequenoe of lU inductive influenee, tracting or repelling tne poles of a small 

which converts it, for the time, into a mas:netic needle balanced on a point, 

second magnet, having its poles so dis- and supported on a stand, as shown at 

|K)sed with relation to the first magnet, M,yf^. 7. 

that the adjacent parts have always op- (28.) The knowledge of the general 
posite polarities ; and attraction, there- fact, that magnetic induction always 
fore, taxes place between them. Thus tends to produce attraction between the 
the pieces A and B, fig. 5, attract each adjacent parts of the bodies which act 
other, simply because the induced mag- upon each other, enables us to explain 
net ism of the end « is of the opposite many phenomena, which might other- 
kind to that of the pole N. In like man- wise appear to be at variance with the 
ner B and C attract each other, because simple laws of attraction and repulsion 
the polarities of the adjacent poles n and already stated. Thus we find that the 
s' being of a dissimilar kind, their mu- dissimilar poles of two magnets attract 
ttial action is attraction. With respect each other with a force which is greater 
to this ultimate effect, the inductive in- than the repulsion exerted between the 
fluence of either pole is exactly alike, similar poles of the same magnets ; and 
and leads to the same result. this happens because, in the former 

(26.) We may now understand the case, the tendency of induction is to 

reason why, when a magnet is placed in strengthen the magnetic power of the 

a heap of iron filings, and then lifted adjacent dissimilar poles ; but, in the 

up, the filings attach themselves in clus- latter case, where the poles are similar, 

ters to the poles, arranging themselves each pole tends, by its inductive influ- 

in lines, ana adhering together by a force ence, to weaken the magnetism of the 

of attraction which extends from each other. This is exemplified in a still more 

individual particle to those which precede striking manner, when a weak magnet 

and follow it. Thejr form, indeed, by is brought near to a much more power- 

their mere juxtaposition, under the in- ful one : in which case we find that, 

fluence of the large magnet, a series of although when they are at a moderate 

minute ma^ets, of which the poles are distance from each other, either pole of 

similarly situated in each, and being the weaker magnet is repelled by the 

alternately north and south, the adjacent similar pole of the strong one ; yet, if it 

ends attract one another. be brought very near, and especially if it 

(27.) This disposition of the poles be made to touch the latter, it is at- 

raay be verified by making an experi- tracted, and will even adhere with some 

ment of the same kmd on a larfi:er scale, force to the strong magnet This effect 

suspending from the end of a strong evidently results from the powerful in- 

magnet a piece of iron, such as a key (fig, ductive influence of the strong magnet, 

7). from the lower end of which a smaller which, for the time, destroys the feeble 

Fig. 7. Y^y ™*y ^® °**^® *^. ^*."^ polarity of the weak magnet at the part 
®*-l in consequence of its in- immediately adjacent, and impresses 
duced magnetism. To this upon it a polarity of an opposite kind : 
may be appended a still whence attraction follows as a neces- 
smaller piece of iron, such sary consequence of contrary polarities* 
as a nail ; and we may (29.) The intensity of magnetic power 
thus proceed, adding piece developed by induction in an iron bar, 
affer piece, till the lower was found by Mr. W. S. Harris to be 
one will exert only suffi- inversely as the distance of the inducing 
cient attraction to sus- pole from the adjacent end of the bar on 
tain a very small weight which it acts. It would also appear, 
of irgn, such as a small from the experiments of the same geri- 
needle. The polarities of tleman*, that the intensity of the mag- 
the lower ends of each netispn induc«i on the remote end of the 
piece, if examined previ- bar, is, with the same inductive power 
ously to each additional acting on the nearer end, inversely as 
piece being appended to the length of the bar. 
it, will be found to be Magnetic induction is not confined in 
constantly of the same its operation to any particular direction ; 
kind as that of the lower thus a bar of iron will be rendered mag- 
end of the magnet from netic if placed at right angles, or at any 
which the whole is sus- other inclination to the axis of the mag- 
pended. This may be •« 

ascertained by its at- J .^Bsiwstions of the Royal Society of Edinburgh 
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net, or line joining its two poles, as in of the points will have a stronger 
the situations representedin/^. 8. The northern polarity than in the last case. 

Analogous effects may be observed in 



Fig' 8. 




ends, *, *, of the bars B, C, adjoin- 
ing the north pole N of the magnet A, 
wUl still become south poles by induc- 
tion, and the ends n, n, north poles. 
Under these circumstances, if the incli- 
nation be less than a right angle, as in 
the case of C, the opposite pole of the 
magnet s begins to exert an inductive 
influence on the other end of the bar n, 
which concur >?ith that of the pole N 
in rendering n a north and 8 a south 
pole. The most favourable position for 
the bars receiving the full inductive in- 
fluence of both poles is that of parallelism 
with the magnet A, as shown m fig, 9. 

Fig, 9. 



pieces of iron of an irregular shape 
when acted upon by a magnet ; the part 
immediately ad)oinmg to the north pole 
of the magnet acquires the properties of 
a south pole, and all the remote protu- 
berances have a feeble northern polarity. 

$ 5. Complex Induction, 

(32.) When two magnets are placed 
so as to exert an inductive influence on 
the same bar, it will depend on their re- 
lative position, whether they shall con- 
spire to produce the same polarities in 
the ends of the bar, or whether they 
shall oppose each other, and produce 
contrary polarities. If the bar B, fig. 
13, lie between the two magnets A and 





(30.) Complicated effects result from 
bringing the magnet in contact with 
other parts than the ends of a piece of 
iron. Thus, if the north Fig, 10. 
pole of a magnet be placed 
m the middle of an iron 
bar, as in flg, 10, both 
extremities of the bar are 
rendered north poles, while 
the middle is a south 
pole. 

(31.) If the north pole of a magnet be 
placed on the centre of a round iron 
plate {fig. 11), so that its axis may be 

-Ft^. 11. Fig.n. 






perpendicular to it, the plate will have a 
south pole in its centre, and every part 
of its circumference will have the pro- 
perties of a weak north pole. If the plat e 
have the form of a star ( Hg, 12), each 



C, and be in the same line with them, 
and if N, the north pole of A, be adja- 
cent to S, the south pole of C, the inter- 
mediate bar B will receive a magnetism 
of the same kind from the inductive 
power of both the magnets, its south 
pole * being adjacent to N, and its 
north pole n to S. Its magnetic power 
will, therefore, be considerably greater 
from the united influence of the two 
magnets, than it would have been from 
the influence of one only. 

(33.) It may here be observed that the 
order in which the poles of these pieces 
A, B, and C, ^succeed one another, is 
exactly the same as that which obtains 
in the successive induction of magnetism 
along a series of iron bars, as in fig, 5. 
Now the same consequences follow from 
this arrangement in the one case as in 
the other. We have just seen that when 
C is a bar already rendered magnetic, 
the magnetism of the iron bar B, which 
the magnet A had induced upon it, is 
increased by the presence of C. In like 
manner, we find that the magnetism of 
the bar B, in the case above referred to, 
fig, 5, is increased by the presence of ano- 
ther piece of iron C, placed at its end, al- 
though that piece, previously to its being 
so placed, was entirely free from magnet- 
ism. This increase is owing to the 
piece C having become magnetic by its 
position with respect to B, which had 
itself been rendered magnetic by the 
vicinity of the magnet A. C having 
thus become a temporary magnet by 
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the action of B, reacts upon B, and, ex- 
erting a new inductive influence, tends 
to increase its magnetism in the same 
manner as if it had been a permanent 
magnet. Thus it is that in a series of 
iron bars held together by induced mag- 
netism, each piece tends to increase the 
strength of the preceding piece, and 
the whole coheres together with greater 
force than if no such reaction took 
place. This circumstance affords a fur- 
ther explanation of the strong cohesion 
we observe among the particles of iron 
tilings, which hang in long threads from 
the poles of a magnet. 

(34.) A closer attention to the conse- 
quences which flow from magnetic in- 
duction, will also enable us to explain 
another remarkable fact, which the ad- 
hesion of the strings of iron fllings pre- 
sents. It is that each separate fllament, 
although composed of parts that attract 
each other in the direction of their 
length. 3'et shew a tendency to keep dis- 
tinct from the neighbounng filaments, 
and even appear. to repel one another. 
In order to understand this, let us con- 
sider the condition of several slender 
iron bars placed side by side, and ad- 
hering to the north pole of a magnet, as 
shewn m^. 14. The in- p^^^ j^ 
ductive power of the mag- 
net, as we have seen, will 
render each of the ends in 
contact with that pole, a 
south pole, while all the re- 
mote ends will be north 
poles. Hence, the bars will 
all have their similar poles 
near each other, and this 
will happen at both their 
extremities, and they will 
accordingly repel one ano- 
ther. As long as they ad- 
here to the magnets by one end, this 
repulsion will be prevented by that ad- 
hesion from shewing itself; but at the 
other ends, which are at liberty to move, 
it will be strongly manifested, and the 
bars will be observed to separate or 
diverge from one another. Now this is 
very nearly the condition of the fila- 
ments composed of particles of iron. 
The polarities of those parts of each 
which are in contact, are neutralized and 
become scarcely sensible ; but those of 
the extremities, being uncompensated, 
exert their full power, and produce the 
observed repulsion of the filaments. 

(35.) This effect of induction is exceed- 
ingly well illustrated by the following 
experiment of Cavallo: let two short 



pieces of iron wire, flg. 15, be each fas- 
tened to a thread, the tlireads being 
joined at their other ends and formed 
into a loop, by which they are to be sus- 
pended from a hook or pin, so as to have 
full liberty to move. On bringing the 
pole of a magnet, the south pole for 
instance, at a certain distance below the 
wires, it will occasion them to recede 
from each other, as shewn \njig, 16, in- 

Fig.l5. i^. 16. Fig.l7. 

O 
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dicating the repulsion which takes pilace 
between the adjacent ends of the wires, 
in consequence of their being similarly 
affected by the inductive power of the 
magnet; the lower ends of both being 
rendered north poles, and the upper ends 
south poles. This divergency of the 
wires will continue to increase until the 
magnet has approached to a certain 
limit. But if the magnet is brought 
nearer than this limit its own attractive 
force becomes so strong as to overpower 
the repulsion that exists between the 
lower ends of the wire ; and therefore 
brings them nearer to each other, as 
shewn in /^. 17; while the repulsion 
of the upper ends *, *, still conti- 
nues to manifest itself, by keeping them 
remote from one another. On removing 
the magnet entirely, the wires imme- 
diately collapse, their magnetism being 
only of a transitory nature. But if the 
same experiment be made with sewing 
needles, instead of soft iron wires, the 
needles will often continue to repel each 
other after the. removal of the magnet, 
having acquired some degree of perma- 
nent magnetism by the circumstances in 
which they have been placed. 

(36.) If four wires be suspended in a 
manner similar to those in the last ex- 
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periinent, each by ila separate thread, evident (hnt an effect of an opposite kind 
Iheinductionofasimilarma^etismupon must result when the dissimiUr poles of 
all of Ihem will produce a mutual re- ev~ id kv~ an 
' pulsion among them, and they will of 
course all dlver^ fi^nn one another. 
But if the wires be made of steel, so as 
to retain nbalitver magnetism may be 
communicated to them, and a northern 
polarity be ^ven to the loner ends of 
two of the wires, but a southern pola- 
rity to the lower ends of the other two 
wirea, when each of these pairs is 
kept apart, the wirei will repel each 
other ; but if Ixrth pairs are brought to- 
gether, alt the four wires will unite and 
adhere together. The reason is that 
those wires which have opposite polari- 
ties attracting each other, unite to form 
a pair in wh'ch the polarities are t^a- the magnets are Ixith applied to the same 
lanced, and the repulsion each had be- end of a bar. These poles, being of dit- 
fore exerted towards those which were ferent kinds, will produce contrary ef. 
similar in the other pair, is now entirely fects ; their inductive influence will op- 
neutralized. The same thiuE will h^ pose, instead of assisting, each other. 
. pen, however numerous are the pairs of and the magnetism indui^ on the bar 
wires that are dissimilarly magnetized. will be only that resulting from the dif- 
(37.) In order that a bar of iron may ference, instead of the sum of their in- 
receive the combined inductive influence tensities. If the bar be of some lenglhr 
of two magnets, it is not necessary that and if the maenets be of equal strength, 
they should all be situated in the same and applied dose to each other, their 
line as in the example already given, actions upon the remoter parts of the 
The same effect will result if the bar be bar will be so nearly equal, that they 

-. _:_!.» — 1„ .- .1.. 1 .. _.:_ y^-iYf almost entirely neutralise each 

other, and I 
net ism will I 

key is supported by a magnet as inj^. 
20, we gradually bring down upon it a 
second magnet, with its lower pole of the 
opposite kind to the lower pole of the 
first magnet, it will tend to induce in the 
two ends be immediately acted upon re- key a polarity ~of an opposite kind to 
' spectively by the polis of opposite deno- that which it has received from the first 
minations of the magnets. The attrac- magneL In as far as it exerts that in- 
tion of a tiar in this situation is much fluence it diminishes this magnetism, 
increased by the conspiring inductive In- and consequently weakens the attrac- 
fluence of (he two magnets ; and the tion. Another cause also operates in 
force exerted is more than double of that diminishing the attraction. The polarity 
by which it would have adhered to either induced upon the adhering end of the 
of the magnets when singly employed, key is of the contrary kind to that of the 
This may be verified by attai:hing the pole of the first magnet; it is therefore 
scale of a balance to the bar (Jig. 19,) of the same kind with that ofthe second 
and adding weights till its adhesion to magnet which is brought near it, and 
the magnets is overcome: these weights which, therefore, as far as the key re- 
will be found to exceed the sum of the tains its induced magnetism, must repel 
weights which the two magnets would it. Accordingly, it Tiappens that when 
have supported, by means of ilie adhe- the second magnet, if sufficiently power- 
sion of the same aoa bar, if they had ful, is brought within a certain distance 
been apphed separately b-om the upper end of the key, it de- 
(38.) While such is the effect of the ap- stroys its power of adhering to the mag- 
plicalion of the dissimilar poles of two net, and the key drops off. 
magnets to the ends of a bar of iron, A similar counteraction of magnetic 
namely, that of conspiring to induce the induction will take place, when the other 
same kind of magnetism, it is likewise pole of the second magnet, tb&t is the 
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pole of the aame denomination na that south pole of another magnet B, the 

of the first roaKn^t 'o which the key nd- key will instantly drop off. The reason 

heres, is applied to the lower end uf the is that the magnet B tends to induce 

key. The first action of the lower mag- upon the remote or lower end of the fork, 

net, as it approaches the key under a contrary polarity to that which is in- 

these circumstances, is to repel it ; but duced upon it t)y A, and thus deitroya 

on being tiroujjhtftill nearer, its indue- its power of attracting. The fork wdl 

five influence becomes so great as to re- have a south pole at a, a north pole at A, 

verse ihe pole^of tlie kCT, which is now while its lower end will be neutrd. If, on 

attracted by the pole which before re- tbecontrary,thenorthpoleofthemagnet 

pelled it : it then generally drops off and B had also tieen appli^ to the branch b 

adheres 1o the lower magnet. of the fork, its influence would have 

(39.) The effect of applying similar conspired with that of A in inducing a 

poles to the two ends of a bar of iron is northern polarity at G, and the key 

generally that of inducing the opposite would have been morestronglyattracted. 
polarity on Imth ends of the bar, and the 

same polarity at the middle. That, Jig. S G. DiffisTtnt Qualitieg qf Iron and 
2t,thenorthpoles N,N,ofthetwomag Steel xeith regard lo Magrtelic Sut- 
eeplibility and Retmtiveneu, 
**■'''■ (41.) All the effects we have hitherto 
^^^^S described, as attendant on the induction 
B^^^H of magnetism on iron, are of a temporary 
'' nature, depending altogether on the in- 
nets A and Cbemgapphed lengthwise to fluence eicited by the neighbouring 
the ends of an intermediate bar B. will poles of a magnet ; for we find that, the 
render it a mamet with three poles, moment the magnet is removed, all these 
those at the end ^ing south poles, and effects cease, and the iron returns to its 
the middle being a north pole. In this original state of neutrality, and loses all 
case the bar will be attracted by both its magnetic properties. But the case 
the magnets, though less powerfully than is different vfhen steel is made the sub- 
when the acting poles of the latter are iect of experiment. Magnetism, it is 
of opposite kinds, as in the situation true, may be induced on steel [ but the 
shewn hyfig. 13. In more complicated induction proceeds very slowly, and is, 
cases, and more especially when the at first, much more feeble than it is with 
form of the piece of iron is irregular, it iron. On the olher hand, steel does not, 
is difficult to predict the exact mode in like iron, lose wliat it has acquire! ; for, 
which llie poles will arrange themselves on the removal of the magnet which 
when magnetism is induced upon it by a gave it the magnetic properties, it re- 
single magnet, and stiU more when the tains these properties permanently; it 
operation of two or more magnets, es- has. in fact, become itsdf arealmagnet. 
pecially if they be of unequal strength. (43.) This remarkable difference ei- 
is to be estimated. The following, how- isting between iron and steel in their re- 
ever, is one of those cases in which the speclive susceptibility to receive, and 
process that takes place is more obvious, capacity to retain magnetism, must, no 
and which furnishes an amusing illus- doubt, arise from some peculiar ar- 
tration of the general principle. rangement-of Iheir particles, the exact 
(40.) Take a piece of iron, C C^. nature of which is at present entirely 
22), formed into the shape unknown. 

irf a fork, or of the letter **■ 22. ^ j,_ however, exceedingly analogous 

Y, and suspend it by one to ihe difference in the qudities of elec- 

ofthe branches of the fork tries and n on- electrics with regard to 

to the north pole of a mas;- the power of conducting electricity ; and 

net A ; its lower end will ■ the magnetic phenomena depending 

immediately acquire a nor- upon it admit of being explained on an 

them polanly, and will at- hypothesis very similar to that by which 

tract another small piece of ' we are enabled to account for the elec- 

>on, such as a key, which trical phenocdena which correspond to 

may therefore easily t>c them. The two magnetic polarities 

supported by it. While the may be conceived to reside constantly 

key is thus hanging fi-om in all iron or steel, and in the natural 

its lower end, apply to the or neutral condition of these Iiodies, may 

other branch of the fork Ihe t^ regarded as in a state of equilibrium. 
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and as equally distnbuted throughout evident that an inductive action com- 

the whole mass, fiut this state of equi- mences immediately on the magnefs 

librium in a bar is disturbed by the in- being: presented to the bar; for the latter 

fluence of a magnetic pole in the vici- is attracted and adheres very strongly 

nity, which exerts an inductive influ- to the magnet f^om the very first 

enee. This new force which comes into The end next the magnet has, there- 

P|lay, tends to transfer one kind of pola- fore, acquired a polarity of a contrary 

rity to one end of the bar, and the op- nature to that of the magnet. For fhe 

posite polarity to the other end. In iron, sake of greater clearness of illustration, 

these changes are readily effected, on- we shall suppose the actual pole of the 

account of the facility which its peculiar latter to be a north pole. The near end 

texture affords for the transmission of of the steel bar is at once converted into 

these agencies in both directions. No a south pole ; but if we examine the re- 

sooner is the cause which has produced mote end we do not find it so immedi- 

these changes, and maintains the sepa- ateljr converted into a north pole. A 

ration of the polarities, removed, than sensible time is required for effecting 

all the effects cease ; for there exists no the change in the latter ; and it will be 

obstacle to the return of the two polari- found, upon a more careful investiga- 

ties to their original situations : they tion, that the different parts of the bar 

revert, therefore, to their former state of from south to norths acquire, in suc- 

equal distribution, and the condition of cession, this northern polarity, which 

neutrality is restored in every part. But at last settles in the extremity. If 

it is not so with steel; the constitution of the bar be of considerable length, it 
which is such as to interpose impedi- 

ments to the transfer of the polarities ^^* ^^' 
from one part to another. It requires a 
certain time before the obstruction, what- 
ever be its nature, can be overcome ; and 

before the new state of distribution, often nappens that the northern pola- 

which induction tends to establish, can rity never reaches thus far, but stops at 

be completed; nor can the changes a nearer point; and in that case, we 

themselves ever be accomplished to the generally find a weaker south pole ap- 

same extent as they are in bodies which pearing at some greater distance ; and 

present no such obstacles. It is also a this pole also travels slowly onwards 

necessary consequence of the resistance till it attains its furthest limit. This 

which the texture of steel presents to is often succeeded by another north 

any chani^es taking place in its mag- pole, and even a greater number of 

netic condition, that these conditions, alternations will sometimes take place ; 

when once induced, tend to remain in each successive pole, however, be- 

a great degree fixed. Hence we see coming weaker and more diffused in 

the reason why steel bars admit of being proportion as they are more nume- 

rendered permanently magnetic, while rous and more distant. The points 

the magnetism induced upon iron is where the polarities thus change from 

only temporary. A steel bar, which has the one kind to the other have been 

as &:reat a degree of magnetic power as called consecutive points. It is evident 

it is capable of retaining, is said to be that alternations of this kind must very 

saturated with magnetism. much disturb the regularity of the mag- 

(43.) In order to obtain an exact netie actions of bars in which they 

knowledge of the progress of magnetic exist, and complicate the resulting 

induction in steel, we should place a bar phenomena. 

of this materisd very near to the pole of a It would appear, from a variety of 

strong magnet, and in the same line with facts hereafter to be detailed, that a 

_. certain time is in all cases required for 

^^' ^^' the complete operation of magnetic in- 

jj duction. 

^^^H (44.) There are certain circum- 
stances and modes of treatment which 

it, and provide ourselves with a very small tend to quicken the progress of this in- 

and delicate compass needle, poised duction. The first of these is concus- 

on its centre, as in Jig. 2, by which the sion. Whatever excites a tremulous or 

polarity of each part of the bar may be vibratory motion among the particles of 

examined in succession. It will be the steel, promotes the transmission of 
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the mafi^ettc polarities, and favours the impaired and weakened, by the veiy 
induction of magnetism. Striking on same causes which favoured its acqui- 
the bar with a hammer is found to pro- sition when under the inductive process, 
duce this effect in a remarkable degree ; It is accordingly found that any mecha* 
and the more so if it occasion a ring- nical concussion, or any rough usage, 
ing sound in the steel, which is an in- has a tendency to destroy the power of 
dication that its particles are very gene- a steel magnet. Dr. Gilbert, who was 
rally thrown into vibratory motion. But one ^f the earliest discoverers in this 
any other cause producing agitation science, found that a magnet which he 
among the particles assists in the in- had impregnated very strongly was very 
duction of magnetism. much impaired by a single fall on the 

(45.) The transmission of an electric floor: and it has been observed since 
discharge through a steel bar under the his time, that a magnet is more injured 
influence of a magnet, is sufficient to by falling on a stone pavement, or re- 
produce permanent magnetism. That ceiving blows which cause it to sound 
the electncity acts here only by its me- or ring, than by being struck with any 
chanical operation, is proved by the soft or yielding substance, 
effect being the same, whatever be the (48.) In like manner the application 
direction in which it is transmitted ; of heat to a magnet is invariably at- 
that is, whether the positive stream of tended by a dissipation of its magnetic 
electricity be made to pass from right power. It is even sensibly affected by 
to left, or from left to right, along any the heat of boiling water ; and a red heat 
part of the steel bar ; or whether it be totally destroys its magnetism. It has 
passed longitudinally or transversely been observed by Mr. Canton, that if 
through it. This mechanical operation the temperature of the magnet has been 
of electricity is, however, to be carefully raised only to that of boiling water, al- 
distinguished from an influence of a to- though it loses much of its power during 
tally different description, which it is the operation, yet that a great part of it 
capable of exerting in producing mag- is again recovered on its becoming cool, 
rietism, and the operation of which will But after it has been heated to redness, 
be the subject of a distinct treatise here- no part of its magnetism is recovered on 
after to be published. cooling. 

(46.) Heat also appears to act by re- (49.) The precise nature of the in- 
moving the obstructions to the trans- fluence which heat has upon magnetism 
mission of magnetism which exist in is far from being clearly understood; 
steel, in its ordinary state, and by thus and there appear? to be much discord- 
reducing it neaily to the condition of ance in the accounts given by different 
soft iron. Accordingly, if a steel bar authors on this subject. This appears 
be heated, and placed in circumstances to have arisen in a great measure from 
favourable to magnetic induction, if it a want of attention to the circumstance 
be placed, for example, in the immedi- that the operation of heat is of two 
ate vicinity of a magnet, and then sud- kinds : for while, on the one hand, it 
denly cooled, it will be found, on its facilitates the induction of magnetism, 
removal from the magnet, to have be- on the other it weakens magnetic action, 
come strongly and permanently mag- In those cases where the effects depend 
netic. The greatest degree of magnetism upon the readiness with whict a piece 
IS produced by heating the steel to red- of iron receives magnetism by induction, 
ness, and, while it is under the influence heat will favour this process ; thus, spft 
of a strong magnet, quenching it sud- iron is more disposed to be attracted by 
denly with cold water. a magnet when hot than when cold, 

(47.) It will readily be understood provided the heat be not excessive. But 
that since the magnetism of a steel bar in as far as relates to permanent mag- 
remains permanent, only because the netism, the action of heat is to impsur 
peculiar texture of the steel presents or destroy it ; so that steel, when heated, 
an insuperable obstacle to its resuming is less capable of retaining its power 
its natural state of uniform distribution, than it is when cold. This happens 
all the causes which diminish thisob- in consequence of its being brought 
structing force, will give occasion to the nearer to the condition of soft iron, by 
escape of portions of this imprisoned the separ^vtion of its particles. By rai*. 
magnetism, and will make the bar ap- ing the temperature sufficiently high, to 
proach nearer to a neutral condition, a red heat for instance, the whole of its 
In other words, its magnetism will be permanent magnetism is at once de- 
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itroyed, thousjh it will still be siiscep- of all magnetic power from cold, while 

tible, while in that state, of receiving tern- he was navigating among the ice in 

porary mi^etism by induction, and Hudson's Bay ; but recovered its power 

therefore of being attracted by another when brought into the cabin and warmed 

magnet. by the fire : and that this repeatedly oc- 

{SC.) The direct tendency of heat to curred. There can be no doubt that 
diminish magnetic power must also be this must have been owing to some other 
taken into account in our estimate of cause than the one he assigned, 
the preceding phenomena. It not only With a certain increment of tem- 
promotes the destruction of permanent perature, the decrement of intensity is 
magnetism, but diminishes likewise the not constant at all temperatures, but 
effects of that which is of a tempo- increases as the temperature increases, 
rary nature. The de^ee in which heat From a temperature of about 80° the 
possesses this direct mfluence, can be intensity decreases very rapidly as the 
estimated only under circumstances in temperature increases, and beyond the 
which no permanent change has been temperature of 100°, a portion of the 
produced m the magnetism of a bar power of the magnet is permanenUy de- 
subjected to the change of tempera- stroyed. 

tiure ; that is, provided we find on the (52.) The efitects produced on unmag- 

retum of the bar to its former tempera- netized iron, by changes of temperature, 

ture, that it has retained all thepower it were observed by Mr. Christie to be 

had l)efore the experiment. The limit directly the reverse of those producecl on 

beyond which no proper distinction can a magnet ; an increase of temperature 

be accurately drawn between the effects causing an increase in the magnetic 

of this twofold operation of heat, ap- power of the iron, the Hmits between 

pears, according to the experiments of which, he observed to be 50° and 100°. 

Mr. Christie, to be below lOO^of Fah- This is in perfect conformity with the 

renheit. From this temperature down- views we have above explained, of the 

wards the power of a magnet increases nature of the operation of heat with re- 

as it becomes colder ; and this augmen- gard to magnetism, 

lation proceeds as far as the lowest (53.) Although the direct tendency of 

temperature that has been tried. heat to diminish magnetic power may, in 

(51.) The following are the results of a red hot bar, be not suflficient to prevent 

an extensive series of experiments upon its receiving induced magnetism, yet 

this subject made by Mr. Christie*, when the temperature is stiU further 

Commencing with a temperature of raised, even this capability is destroyed ; 

—3° of Fahrenheit, up to one of 127°, and accordingly we find that, at a white 

the intensity of magnetic power de- heat, iron appears to be totally insuscep- 

creased as tne temperature of the mag- tib!e of any magnetic action. There are 

nets increased. From an experiment sfill, however, some curious anomalies 

he made at the Royal Institution, in occurring in the magnetic action of iron 

conjunction with Mr. Faraday, in which at these very high temperatures, of which 

a small magnet, enveloped in lint, well further investigation alone can furnish 

moistened with sulphuret of carbon, the explanation. 

was placed on the edges of a basin con- (54.) In the account we have now ' 

taining sulphuric acid, under the re- given of the properties of iron and of 

ceiver of an air-pump, he found that the stee), with regard to their capabilities of 

intensity of the magnet increased to the acquiring and of retaining magnetism, 

lowest point to which the temperature we have all along referred to those of 

could be reduced, and that the intensity pure metallic iron in its softest and most 

decreased on the admission of air into ductile state, and to those of steel which 

the receiver, and consequent increajse has been brought to its greatest degree 

of temperature. This, he observes, is of hardness by immersion in cold water 

in direct contradiction to the notion after being heated ; for it is in thftse two 

which has been entertained of intense states that they exhibit the strongest 

cold destroying the magnetism of the contrast in these respects. We often, 

needle. Captain Middleton had an- however, meet with this metal in states 

nouncedt his having frequently observed possessing intermediate degrees of the 

that a compass appeared to be deprived above qualities ; that is, acquiring mag- 
netism with less facility than soft iron. 



* pwip.ophicai Traiwacttons for 1826, p. 62. ?"^ retaining less of it than hard steel. 
t Philosophical Trans for 1738, voL xi. p. 310. It may be laid down as a general propo- 
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silioii, liable however to some excep- pulsive Corces that act upon it, it is 

tions, that the power of retaining mag- found to acquire a much higher inten- 

netism in any specimens of iron or steel, sity of magnetic power than it would 

is in proportion to its hardness. have received without such percussion. 

(55.) But some of the combinations Nor is the whole of this power lost on 

of iron with other substances affect its the removal of the inducting cause ; a 

capacity for magnetism, independently of part is retained by the iron, the inter- 

the hardness of the compound. A slight nal structure of which appears to have 

degree of oxidation pervading the mass undergone some alteration by the per- 

of iron appears to increase its power of cussion. 

retaining magnetism ; but a greater de- As connected with this subject, we 
gree renders it totally insusceptible of may notice the following curious obser- 
being affected by the magnet, or of vation of the same experimentalist*, 
possessing any magnetic properties Bars which had been strongly magne- 
whatsoever. Combinations with phos- tized, and had their magnetisms de- 
phorus, with arsenic, or with tin, were stroyed or neutralized, either by ham- 
found by Mr. Gay Lussac to produce menng, hedting, or by the simultaneous 
compounds somewhat resembling those contact of the two poles of another mag- 
of carburet of iron or steel in their ca^ net placed transversely, were always 
pability of retaining magnetism. Every found by him to have a much greater 
thin^ depends, however, upon the pro- facility for receiving polarity in the same 
portions in which these several sub- direction as before, than in the contrary 
stances are united with the iron ; for if direction. Hence, it generally happened 
they exceed a certain quantity, they in his experiments, that one blow with 
totally incapacitate the compound from the original north end downward, pro- 
acquiring any magnetic properties. duced as much effect as two or three 

(56.) It is only the finest and purest blows did with the original south end 

soft iron, free from all knots and veins, downwards. He also observed, that the 

that returns to the state of perfect neu- polarity of pokers, generally supposed to 

trality after it is removed from all extra- be permanent, and considerable in inten- 

neous magnetic influence. Iron is sel- sity, was rather transient and weak ; for 

dom found in this perfectly pure state ; in no instance did he meet with a poker 

but even the purest iron may be rendered the magnetism of which he could not 

capable of permanently retaining mag- destroy by a blow or two with a hammer 

netism, if it has been twisted or ham- on the point; and in general, two blows, 

mered violently. The slight superficial even when the poker was held in the 

oxidation it undergoes by the action of hand, and not rested upon any thing, 

the atmosphere, will fUso make it suscep- were sufficient to invert the poles, 
tible of some degree of fixed magnetism. (58.) Soft steel is not much more reten- 

But in its common state, iron may, on five of magnetism than iron in its ordinary 

the whole, be regarded as incapable of state. It is only when hardened that its 

any long retention of the magnetism magnetic powers become in any degree 

which it may have received by indue- sensible. Dr. Robison states, that when 

tion. steel is tempered to that degree which 

(57.) It would appear from the ex- fits it for watch springs, it may acquire 
perimentsofMr. Scoresby*,thatthetex- a strong magnetism, which it exhibits 
ture of all iron, even the most malleable, immediately on the removal of the mag- 
presents a certain degree of resistance to net. But it dissipates very rapidly ; and 
the transmission of magnetic power ; in a very few minutes it is reduced to 
for if a bar of iron be placed in circum- I'ess than one half of the intensity it mani- 
stances favourable to its acquiring mag- fested while in contact with the magnet, 
netism by induction, it does not acquire and to less than two-thirds of what it was 
it in the degree of intensity of which it immediately on removal from it. It con- 
would be capable, were there no such tinues to dissipate for some days, though 
internal obstructions to the transmission, the bar be kept with care ; but the dissi- 
If, under these circumstances, it be sub- pation diminishes fast, and it -retains at 
jected to percussion, which, as we have least one-third of its greatest power for 
seen, favours the transfer of magnetism any length of time, unless carelessly kept 
in obedience to the attractive and re- or injudiciously treated. 
. (59.) Steel tempered for cutting-tools 



* Traosactions of the Boyal Society of Edia- — = —_____—— 

burgh. ToL ix. p. S5S: • Philosophical Transoctiong for ISffi, p. 251. 
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(the same author observes), such as without difficulty, be rendered positively 
chisels, punches, and drills for metal, or negatively electrified ; that is, it may 
acquires magnetism still more slowly be charged with a redundance of one or 
by induction, and receives less of it while other ofthe two kinds of electricity ; and 
in contact with the magnet ; but it is the influence or agency, call it by what 
less disposed to lose it, and finally re- name we please, that has been gained 
tains a larger portion of what it had ac- by one body, is the same as that whict 
quired. Steel made as hard as possible has been lost by the other. It is not so 
is still longer in acquiring all the mag- with magnetism. There is never any 
netism which simple juxtaposition can transfer of properties, but only the ex- 
give to it. It acquires less than the citation of those which were already in- 
former ; but ultimately retains a much herent in the body operated upon. We 
greater proportion. The loadstone, or always find in the same magnet, that the 
native ore of iron, resembles very hard intensities of the two polarities, although 
steel in these respects ; that is, in the each may occupy different portions of 
time necessary for its greatest impreg- it, or be concentrated in some points, 
nation, and in the duvability of the ac- and diffused over others, yet still on the 
quired magnetism. whole exactly compensate each other. 
(60.) We have seen that iron, or any We never can obtain a portion of iron 
of its compounds, when free from mag- or steel endowed wholly with either the 
netism, is attracted by a magnet only in northern or the southern polarity. Each 
consequence of the induction of mag- appears to be strictly confined within the 
netism upon it bv the magnet which boundary of the surface of the body 
attracts it. It follows, therefore, that which contains it. 
the degree of susceptibility to indue- (62.) When a conductor of electricity, 
tion may be accurately measured by of an oblong shape, is placed near an 
the attraction which results from this electrified b^y, but not sufficiently near 
property. With this view Mr. Barlow to receive any part of its electricity, it 
made a series of experiments to ascer- becomes electric by induction, the two 
tain the relative attraction which dif- ends of the body having opposite electri- 
ferent species of iron and steel had for cities. If, under these circumstances, 
the magnet ; and obtained the following the conductor be divided across the mid- 
specific results, the relative magnetic die, and the two portions removed to a 
Eower of each substance being expressed distance from one another, we obtain the 
y numbers*. two electricities separate ; each por- 

Malleable iron 100 tion retaining the electricity that had 

Soft cast steel 74 been induced upon it. The condition of 

Soft blistered steel . . 67 ^ magnet appears to be exactly analo- 

Soft shear steel 66 gous to this in reference to the distribu- 

Hard blistered steel. . 53 tion of magnetic power ; for the northern 

Soft shear steel 53 polarity .appears to be collected in one 

Hard cast steel 49 naif of its length, and the southern po- 

Cast-iron 48 larity in the other; and each of these 

agencies seems, indeed, to be almost 

6 7. Fracture ®".*i''^^y concentrated in the very extre 

y/ x7UMc*7c? mities of the bar. What, then, ought 

(61.) We have hitherto been able to to happen conformably with this analogy, 

trace a very close analogy between the were we to break a magnet (A, Jig, 26,) 
phenomena of magnetism and electri- _.. 

city, as far at least as relates to the law ^' 

of action, and the influence of indue- , ^^^s^g nc 

tion ; but in pursuing it beyond this point * '^^^^™ 

it fails us entirely. Electricity, whether 

positive or negative, is not only capable SB^^^K^' s -^im. •^^t^ mS 

of being excited by induction, but may 

be actually transferred from one body across its middle ? Might we not expect 

to another; but the transference of the by this means to obtain the two polari- 

magnetic polarities is a phenomenon ties separate, each still contained in the 

which was never, in a single instance, same portions where they had before re- 

known to take place. A body may, sided? 

(63.) The result of this experimentis 

* Philosophical Transactiont for 1888, p. 117. exceedingly curiouR, and what certainly 
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no preyious reasoning could have led us tractive and repulsive, at different dis* 
to anticipate. Each portion, B C, of the tances. We shall here only observe that 
fractured mag^net is at once converted this law has been made the subject of 
into a magnet, perfect in itself; that is, diligent and careful inquiry by some of 
each respectively has a north pole at one the most eminent philosophers of modem 
end, and a south pole at the other. That times ; and shall content ourselves with 
end of the magnet which, previously to merely stating the final result of their 
the firacture, was a north pole N, con- labours. It nas been ascertained most 
tinues to be a north pole, while the satisfactorily that the same law of varia- 
other end of that fragment s, that is, the tion obtains in magnetic attractions and 
broken end, becomes a south pole. The repulsions with relation to proximity, as 
converse is true of that fragment B in the electrical : namely, that the in- 
which originally contained the south pole tensity of the force bv which magnetic 
of the magnet. It thus appears that the polarities act upon each other is inverse- 
two fractured surfaces n and«, are now ly as the square of their distance. In 
converted, the one into a north, and the this respect, therefore, they agree, not 
other into a south pole, although that only with the electrical forces, but also 
part had, in the original magnet, been with that of gravitation; and it would 
apparently in a neutral state. appear, indeed, to be a property com- 
(64.) Similar consequences ensue mon to all forces which emanate in every 
from the subdivision of one of these direction from a central agent, 
fragments into any number of portions, (67.) The variations of the intensities 
however great; each lesser fragment of magnetic attractions and repulsions 
constituting in itself a complete magnet exerted between any two poles depend 
furnished with its two poles. solely upon the distances at which they 
(65.) It is observed by iEpinus, who are placed ; and are in, no degree affected 
made many experiments on the effects or interfered- with by the interposition of 
of the fracture of magnets, and the ob- other bodies which are not themselves 
servation has been confirmed by others, magnetic. Numerous experiments have 
that the neutral point in each fragment been made with a view of discovering 
of the broken magnet is at first much whether there exists any substance 
nearer to the place of their former union which can modify or intercept the action 
than to their other ends. He states that of magnets when placed between them 
in the space of a quarter of an hour and the body acted upon ; but the result 
after the separation, the neutral points has been uniformly the same : namely, 
advance nearer to the middle of each, that the intervening bodies, of whatever 
and continue to do so, by small steps, kind they were, provided they were not 
for some hours, and sometimes days, susceptible of magnetism, occasioned no 
and finally become stationary at the difference in the observed effects, 
centre. This subject, however, involves a ques- 
When a magnet is split according to tion, hereafter to be discussed, as to the 
its length, the two portions will have ma^etic susceptibilities of substances 
sometimes contrary, and sometimes the which are not of a ferruginous nature. 

r;ri" Whe^o^fe^^rtioWZ^h i'- ^-f»^ Action of T^MagneU. 
tliinner than the other, the slender frag- (68.) The general law of magnetic' 
ment generally has its poles reversed*. force with relation to distance being once 

established, it l>ecomes interesting to 
Chapter II. follow its consequences and applications 

under a variety of circumstances. These 
Laws 0/ Magnetic Forces. consequences are always, even in the 

simplest cases, more complicated than 

§ 1 . Relation of Intensity to Distance, electrical arrangements ; because in 

/cr \ ¥♦ « ij u • • X X •*!_ u magnets the two polarities are always 

(66.) It would be mconsistent with the conjoined, and their influence is never 

elementary views to which we are at perfectly isolated. In studying the mu- 

Fhf fJ^iT^r^ ''T'fi'' -'• ^''♦k"^^- '"} ^ual actions between two magnets, or 

w S'^^'^T. ''^u^'' mathematical even between one magnet and the small- 

aw which regulates the variations ^^^^ ^^ conceivable piecTof iron, we have 

te nsity of the magnetic forces, both at- always four polanties in activity, the two 

• Derham, Philowphical Transactions, vol. xxiv. ^?si<i»ng in One body, and the twO re- 

P* 2138- Siding in the other ; these polarities are 
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not strictly confined to particular points direcHve force *. It results, as we have 
in the magnet : for although mucn con- seen, from the conjoined influence of two 
centrated at the two ends, they exist forces, the one acting: on the north, and 
with less intensity in other parts of the the other on the south pole, and is there- 
magnet, fore equal to the sum of these forces. 

(6 9. > Let us, however, suppose, for (71.) If we now consider what ten- 
tlie sake of simplification, that the mag- dency the needle has to approach to, or 
netic forces emanate solely from the receae from the magnet, we shall find 
two poles at the extremities of the mag- the same forces, which in the former in- 
net M,/^. 26. with its axis placed hori- stance conspired together, now op- 

. posing each other. It is, in the first 

r^g, 26. ^^^ place, evident that while the needle is in 

' the position shewn in Jig, 26, that is, at 
right angles to the magnet, the attrac- 
tion of the adjoining north pole of the 
magnet for the south pole of the needle, 
is balanced by its repulsion for its nurth 

zontally, while a smaller magnet B sus- P^*^ i ?"^ *^® "f^^®' although strongly 

pended on a point, or in othw words, the "'^f^ ^^ these forces to turn round its 

needle of a mariner's compass, and centre, has no tendency, on the whole, to 

which we shaU therefore designate as ^Sif^® T^"' °' approach the magnet. 

the needle, is presented to it in the vi- W*^«"» however, it arrives at the posi- 

cinity of its north pole, N, and with its L^^."^ *^^^" ^Mf; ^7, its south pole * 

centre in a line with the axis of the mag- bfing nearer to K than its north pole n, 

net. The north pole of the magnet at- }^® attractive action is more powerful 

tracts the south pole of the needle, and ^^*" ^^« repulsion, and the needle is. 

tends to turn it iS thedirection indicated consequenny, now impelled towards the 

by the arrow at s. It also repels the "*W,^^- ?," ^^^ *r^-^*''''^ *^''', '""i 

nbrth pole of the needle, turning it in the P«^« »* 'f ""« ^^"^ the difi^erence only of 

directiSi indicated by the axr^w at n. l^"" contrary forces, the one attractive. 

These two actions, it will be seen, both the other repulsive. ,,,,,,, 

conspire to give the needle a rotatory ^.(72.) Hence we ^lay conclude thatihe 

motibn in the same direction with regard directive force, which consists of the 

to its centre, and to bring it into the po- «T ^^, *^° ^^/^^,'^ ^^ /" * j ^^^.®« jF^"' 

sition represented in the next figure, (27.) ^^^^^^^^^^ greater than the attractive force 

r o » \ »' exerted upon the whole needle ; this 

latter force being only equal to the diffe- 
rence between the same . forces. The 
ratio between the directive and attractive 
forces will be increased, either by di- 
minishing the Jength of the needle, or 
increasing that of the magnet. Hence 
the polarity of a small needle may be 
in which the south pole of the needle is considerable, while its attraction is quite 
turned directly towards the north pole of insensible. 

the magnet. (73.) Let us next transfer the needle 

The influence of the south pole, S, of to the situation shown in Jigs. 28 and 29, 
the magnet operates in a manner exactly in which its centre is in a line drawn 
contrary to that of its north pole ; but from the centre of the magnet, and at 
being at a greater distance, its intensity right angles to its axis ; the needle being 
is less ; and all that it can efiect is to supposed, as in the former case, to be so 
subtract somewhat from the forces with balanced as to turn freely in a plane 
which the needle would have been im- which passes through the centre of the 

Eelled, if the north pole of the magnet needle, and both poles of the magnet, 
ad acted alone. The general result as Let it be placed in the position indicated 
to the rotatory motion, is therefore de- in Jig, 28, with one of its poles di- 
termined by the predominance of the rected towards the middle of the mag- 
actions of the north pole of the magnet, net. The directive force is here com- 
and remains as before stated. pounded of four forces : the attrac- 
(70.) The tendency in one magnet to tions of N for s and of S for n ; and 
assume a particular position with rela 

tion to another magnet, is termed its • Or. Gilbert exprened it by the term ncrft^iYy. 
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the repulsiona of N for n, and of S for t. 
They respectively impel the poles « s of 
the needle in the directions denoted by 
the small arrows parallel to the lines in 
which these forces act. Those which 
act upon the remote pole of the needle «, 
compose a resultant having the direction 
of the upper horizontal arrow R, at 
ri^ht angles to the length of the needle, 
which is also the radius of its revolution. 
Those forces which act upon the oppo- 
site pole n, compose another resultant 
force in the opposite direction, expressed 
by the lower horizontal arrow r. Now 
these two resultant forces having oppo- 
site directions, and acting at the opposite 
ends of the needle which turns upon its 
centre, conspire in producing a rotation in 
the same direction with relation to that 
centre ; and will tend to bring the needle 
into the position shown in^^. 29, in 

Fig. 29. 




which its direction is parallel to that of 
the magnet, but in which its poles are 
reversed when compared with those of 
the magnet ; that is, the north pole of 
the needle being on the side of the south 
pole of the magnet, and its south pole on 
the side of the north pole of the magnet. 
This relative situation has been called 
b^ some authors the suhcontrary pon- 
Hon. 

(74.) Here also it may be remarked, 
that in consequence of the neater prox- 
imity of the poles of the different deno- 
minations, compared with that of the 
poles of the same name, the sum of 
the attractive forces exceeds that of 



the repulsive ; the former will therefore 
prevail, and the needle will have a ten- 
dency to move towards the magnet in 
the direction of the line connecting their 
centres. 

(75.) A similar process of reasoning, 
derived from the same principles, vnll 
enable us to determine the resultants 
of the forces which act upon the needle 
when its centre is situated in different 
directions relatively to the axis of the 
magnet : and consequently^ what will be 
its movements, and what its final posi- 
tion of equilibrium. In oblique posi- 
tions, indeed, the process of investiga- 
tion becomes more complicated, for it is 
necessary to take into consideration the 
different intensities of each of the four 
forces concerned, with reference not only 
to the respective distances of the poles of 
the needle from those of the magnet, but 
also to their respective directions in the 
plane of rotation. 

(76.) If the plane of rotation, to which 
the movements of the needle is limited, 
be one which does not pass through the 
poles of the magnet, the complication of 
the problem becomes still greater. There 
are, however, three general results at - 
which we may arrive, which tend very 
much to simplify the resolution of ques- 
tions relating to this subject. 

(77.) The first is, that ff we suppose 
the needle to be at perfect liberty to 
move on its centre in all directions, the 
position of equilibrium at which it will 
arrive by the coi\ioint action of all the 
forces which impel it, will always be si- 
tuated in the plane which includes the 
poles of the magnet and the centre of 
the needle. This plane may be called, 
for the sake of disimeiness, the magnetic 
plane ; and the position assumed by the 
needle in this plane may be called its 
magnetic position. 

(78.) Secondly, when the movements 
of the needle are limited to any particu- 
cular plane, its position of equilibrium is 
that which makes the nearest approach 
to the magnetic position that the case 
will admit of. It will therefore be situ- 
ated in a plane passing through the mag- 
netic position, and at right angles to the 
plane of revolution. 

(79.) Thirdly, if the plane of revolu- 
tion be perpendicular to the magnetic 
position, the needle will be in a state of 
equilibrium with regard to the forces 
exerted upon it by the magnet, in all 
positions. ^ Such a plane may be called 
the plane of neutraJtity, An example of 
this is shown mJlg.SO^ where the needle, 
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inven llw posilion af the maEnel M. 

ifg. 31j and of ita two poles N and S, 

Fig.ZU 



fuming on a horizontal axis in a line 
with the magnet, is limited in iti motion 

to a vertical plane perpendicular to itt 
position of equilibrium. In this caae it 
nill have no tendency to assume anj one 
position in preference to another, in 
this plane. 

j 3. Magnetic Curvet. 

(80.) In order still further to genera- 
lize our views, let us conceive the needle to 
Ije exceedingly short when compared with 
the length and distance of the magnet ; 
and vre shall then arrive at still more 
simple conclusions nit]i regard to its po- 
sitions of equilibrium in the magnvtic 
plane. The two poles of the needle may, 
with regard to the action of the magnet, 
be considered as coincident ; ttie inten- 
sities of the actions of any one of .the 
poles of the magnet upon them are so 
nearly equal that their differenceiii may 
be regarded as infinitely small. The at- 
traction of the magnet for this minute 
needle, an attraction which, aa vce have 
seen, depends upon their difference, 
must accordingly be inappreciable. But 
Ihe directive force, on the contrary, de- 
pending on the sum of these actions, 
must be very effective ) and it is to the 
operations of the latter of these forces 
only that we need direct our inquiries. 

<81^ Theprobtemtobesolvedislhis: 




and also the place of the centre C of the 
needle, which is supposed tobe at lit>erty to 
revolve only in the magnetic plane, tofind 
Ihe direction C T, at which the rotatory 
force resulting ftvm the action of the 
north pole N of the magnet on the two 
poles of Ihe needle in the direction C N, 
exactly balances that resulting from the 
action of the south pole S of the magnet 
on these poles, in Ihe direction C 8, each 
force having an intensity reciprocally 
proportional to the squares of these re- 
spective lines. 

It may be mathematically demon- 
slrated ■ that if such be Ihe law of the 
magnetic forces, the direclion of the 
needle is Ihat of Ihe tangent of a pecu- 
liar curve of an oval shape, which 
has been denominated Ihe magnetic 
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netic curves related to the line joining 
these polies, and which may be called its 
axis. The general form and disposition of 
these curves, according^ to their different 
distances from the magnet, is shown in 
the figure. 

(82.) The masrnetic curves have the 
following remarkable property ; namely, 
that the difference of the cosines of the 
angles, which lines, drawn from any 
pomt in the curve to the two poles, 
make with the axis, taken on the same 
side, is constant. Thus, in the curve 
sec C" N, fig. 33, the sum of the 




cosines of the angles C N X and CSX, 
is equal to the sum of the cosines of the 
angles C N X and C S X. When, how- 
ever, the angle C" S X exceeds a right 
angle, its cosine being negative, it will 
be the sum (instead of the difference) 
of the cosines of the polar angles 
C" N S, C" S N, that is constant. When 
the angle C" N X is also obtuse, both 
the cosines being negative, it is again 
their difference that is constant. 

(83.) If two radii of equal length, N n, 
S s,ftg,Z4, be made to revolve in the same 

Fig, 34. 




direction round their respective centres 



N and S, while their other extremities, 
n and », are kept continually in such a 
relative position as that a line drawn 
through them shall always be perpen- 
dicular to the axis N X, then the line, 
constituted by the successive points of 
intersection 0, C of the radii, will be 
a magnetic curve*. 

(84.) The most e^cpeditious method 
of delineating a great number of mag- 
netic curves related to the same base, 
in order to obtain a general view of the 
entire system of these curves, is to de- 
scribe from each pole, N, S (jig. 35), as 
a centre, the equal circles or semi-circles, 
A A, B B, with as large a radius as the 
paper will conveniently admit of; and, 
dividing the axis, produced till it meets 
both circles, into any number of equal 
parts, to mark off, on the circumferences 
of both the circles, the points where they 
are cut by perpendiculars from these 
points of division ; then, drawing radii 
from the centre of each circle to. the 
divisions of its respective circumference, 
the mutual intersections of these radii 
will form different series of points indi- 
cating the course of the magnetic curves 
which pass through them. In the pre- 
sent case these curves are composed of 
a succession of diagonals of the lozenge- 
shaped interstices formed by the inter- 
secting radii, as is shown in the upper 
half of Ag. 35. 

(85.) The forms and disposition of 
these curves are elegantly illustrated by 
the lines in which iron-filings arral^ge 
themselves when acted upon by a power- 
ful magnet. In order to exhibit them, 
we need only place a sheet of paper or 
pasteboard immediately over a straight 
magnetic bar laid flat upon a table, and 
scatter lightly some very fine iron-filings 
over the pasteboard ; which is best done 
by shaking them through a gauze bag. 
If we then tap gently upon the paper, 
so as to throw them into a slight agita- 
tion, they will arrange themselves with 
great regularity in Imes, which exactly 
follow the course of the magnetic curves, 
extending from one pole of the magnet 
to the other. These minute fragments 
of iron, being rendered magnetic by in- 
dubtion, have their dissimilar poles 
fronting each other, and therefore at- 
tract one another, and adhere t(^ether 



* The aathor of this Treatise has constracted a 
system of raiers by which magnetic curves may b« 
mechanically delineated, founded on the principle 
stated in the text . The description of this instru> 
ment is contained in the paper above referred to in 
the Journal of the Royal Institution. 
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in the direction of their polarities, which 
is that of the tangent to the magnetic 
curve : thus affording a beautiful ocular 
exemplification of the mathematical pro- 
perties of these curves. 

(86.) By continuing to tap upon the 
paper, the filings arrange themselves still 
more visibly into separate lines; but 
here a curious, and perhaps unlooked for 
phenomenon presents itself. The lines 
gradually move and recede from the 
magnet, appearing as if they were re- 
pelled, instead of attracted, as theory 
would lead us to expect. This arises 
from the circumstance that each particle 
of iron, or cluster of particles, is thrown 
up into the air by the shaking of the 
paper, and, while unsupported, imme- 
diately turns on its centre, and acquires 
a position more or less oblique to the 
plane of the paper. This is shown in 
Jig. 36, in which M represents a section 

/^. 36. 




of the magnet, PP a section of 1h*^ 
paper, and ff the position of the tila" 
ments of iron thrown up into the air. 
The end of each filament nearest to the 
magnet is thus turned a little down- 
wards, and the filament falls upon the 
paper at a point a little more distant 
than that which it before occupied ; and 
thus, step by step, it moves fuither and 
further from the magnet, till it reaches 
the edge of the paper and falls off. 

(87.) When the magnet, instead of 
being beneath the paper, is held above 
it,^ the effect is just the reverse. In 
this latter case, the lower ends of the 
filaments having a tendency to turn 
towards the magnet, the filings gradually 
collect under it, when made to dance by 
the vibrations of the paper, instead of 
falling outwards as they did before. 
This will be rendered apparent by fig, 
37, where the letters indicate the same 
objects as in the preceding figure. 

Fig. 37. 
M 
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(88.) Magnetic curves of a different 
kind are constituted by the balanced 
actions of two poles of the same de- 
nomination placed near to each other. 
When, for instance, a second north pole 
N' (fig,.SS) is substituted, instead of the 
south pole S, both poles wiU act in a 
similar manner, and in directions not 
very different. 

Fig. 38. 




lar. For this purpose they must be 
taken iu a di£Perent order of arrange- 
ment, and followed in the lines of the other 
diagonals of the lozen^shaped intervals 
between the intersecting radii ; that is, 
of the diagonals which cross those con- 
stituting the curves in the former case, 
as is shown in the lower half of J!g, 34. 
These divergmt curves, as they have 
been called in contradistinction to the 
former or conoergmt ones, are deli- 
neated in^. 39 ; and may, in like man- 

%.39. 



In order to render the conditions of 
this case as simple as those of the last, 
we must suppose that the action of the 
south poles belonging to the two north 
poles N, N', whose action we are ex- 
amining, is, from their remoteness, too 
feeble to influence the results. In the 
former case, where the actions of the 
two poles were of a contrary kind, the 
resultant of their joint action, or the line 
C T {fig, 31) passed in a direction in- 
termediate between N C prolonged and 
C S, and therefore cut the axis N X 
at some point in the prolongation of 
N S. But in the present case, the two 
magnetic poles being of the same kind, 
their action is similu', and their resultant 
is a force of which the direction is inter- 
mediate to the lines C N and C S ; and 
this line produced must cut the axis 
somewhere between N and N'. In con- 
sec^uenoe of this change of position, 
which produces a change in the sign of 
the cosine of the angle C S T, which is 
now C N' T, the relation of the cosines of 
the polar angles is as follows ; namely, 
that the sum (and not, as before, the 
difference) of the cosines of the angles 
which lines, drawn from anv point in 
the curve to the two po)es, make with the 
axis, taken on the same side, is constant. 
This applies to the case in which the 
angle formed by C N' with, the pro- 
duced axis is acute, and its cosine posi- 
tive. When it is obtuse (or CN'N 
acute), the fcosine becoming negative, it 
is their difference which is constant 

(89.) The intersections of the radii, 
drawn according to the method above 
described, § 82, will also point out the 
course of those curves which belong to 
the ease where the acting poles are simi- 




ner, be exhibited by the arrangements 
of iron-filings round two similar poles. 

(90.) When the actions of the four 
poles of two magnets are taken into ac- 
count, the magnetic curves expressive of 
the direction of a needle influenced by 
them, become, of course, much more 
complicated. 

Chapter III. 

Terrettriai Magnetism. 

i 1. Variation (fthe Compass. 

(91.) It has been already stated (§ 6), 
that if a magnetic bar be poised on its 
centre so as to move freely in a horizon- 
tal plane, and if no ferruginous body be 
sufficiently near to affect it sensibly, it 
will assume, when left at liberty, a di- 
rection nearly north and south. When 
disturbed from this situation, it returns, 
after several oscillations, to the sam« 
position. On this property is founded 
the mariner*s compass, which is of such 
essential use in navigation. In moving 
horizontally towards the position which 
it thus tends to assume, the needle of the 
compass is said to traverse. 

(92.) It is found that in this country, 
as well as throughout Europe, the north, 
pole of the compass deviates a certain 
number of degrees to the westward of 
the exact northern direction. This de- 
viation from the true geographical me- 
ridian has been called the magnetic 
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d^tiM/ton; but it is more usually known lines of no variation as composing a 

by the term Variation of the Compaq, single band, we may then consider the 

The vertical plane which passes through globe as divided by this and the corre- 

the direction of the horizontal needle at sponding American line into two hemi- 

any particular place is termed the mag- spheres. In that hemisphere which 

netic meridian of that place, in contra comprehends Europe, Africa, and the 

distinction to the geographical or tnte western parts of Asia, together with the 

mtfTM^'aii, which is a vertical plane passh gpreater portion of the Atlantic, the va- 

ing through the poles of the earth. nation is to the west. In the oppo- 

(93.) There are but few places on the site hemisphere, which comprises nearly 

earth where the compass points directly the whole of the American continents, 

to the poles ; that is, where it exhibits both North and South, and the entire 

no variation. As far as observation Pacific Ocean, together with a certain 

has extended, these places are situated portion of Eastern Asia, the variation is 

in a line which encompasses the globe, to the east, 
and is called the Une of no variation. 

In many of its portions it appears to J 2- ^P of the Magnetic Needle. 
fbrmpart of a great circle of the sphere, (95.) But in order to arrive at a 
but in others it deviates much from re- knowledge of the real influence which 
gularity, presenting many flexures in its the earth exerts on a magnetic needle, it 
course. It may be considered as com- is not sufficient to ascertain the position 
mencing from a point which may be it assumes when its movements are con- 
designated as the principal arctic mag- fined to a horizontal plane, as it is in the 
netic pole of the earth, and the exact mariner's compass of the ordinary con- 
situation of which is not vet perfectly struction : we must place it in such cir- 
ascertained, although the late voyages cumstances as will allow it to move 
of discovery in these regions have en- freely in a vertical plane also. But to 
abled us to form a tolerable approxima- effect this in an unexceptionable man- 
tion to the precise spot, whicn appears ner is extremely difficult. The great ob- 
to be a point somewhere to the west- stacle with which we have to contend is 
ward of Baffin's Bay. After crossing the force of gravity, which by acting in 
the United States of North America it one direction, inteneres with the opera- 
passes along a tract of the Atlantic, a tionof the force of terrestrial magnetism, 
little to the eastward of the windward which acts in a different and in an ob- 
West India Islands, till it touches the lique direction. 

north-eastern point of the South Ame- (96.) The readiest mode of removing the 

rican continent Thence it stretches influence of gravity, is to aQx a steel nee- 

across the Southern Atlantic towards die to a cork, or other buoyant substance, 

the south pole, where navigators are and to immerse it iii water, adjusting the 

unable to follow it. It re-appears in the specific gravity of the two bodies, so that 

eastern hemisphere to the south of Van tliey may remain suspended in the middle 

Dieman's Land, and passing across the of the fluid without any tendency either 

western part of the Australian continent, to float or to sink ; taking care at the 

is again found in the Indian Archipe- same time that the centre of gravity of 

lago. Here, aqoording to Biot, it di- the whole coincides with the centre of 

vides into two branches, one of which its figure, so that, when the needle is 

crosses the Indian Sea «nd enters Asia unmagnetic, and united to the cork, the 

at Cape Comorin ; it then traverses H in- two toj^ther, placed in any position in 

dostan and Persia, and passing through the fluid, shall have no tendency to take 

the western part of Siberia stretches over any other position. If the needle be 

to Lapland and the Northern Sea. The now rendered magnetic, and replaced as 

second branch pursuing a more directly before, it is found to assume a position 

northern course, traverses China and nearly vertical, that is, making an angle 

Chinese Tartary, and makes its exit from with the plumb line of about 20 degrees, 

Asia in the eastern dnrision of Siberia, the north pole of the needle being turned 

where we again lose it in the Arctic seas, about 25 degrees to the westwara of the 

Between Jhese there must exist an inter- true north. Its deviation from the plane 

mediate line of no variation in some of the meridian is equal to the venation 

part of the continent of Asia ; but the of the horizontal needle. Its inclination 

observations we possess regarding it are, to the horizontal plane, or 70°, is called 

as yet, too imperfect to admit of any the dip. But this method, though well 

attempt to trace it correctly. fitted for illustrating the general fact, and 

(94.) If we consider these Asiatic the principle bit wmch it depends^ is. not 
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adapted for accurate measurement, general rule, jo which, however, there 

For this purpose we must have recourse are many exceptions, the dip diminishes 

to other contrivances. as we approach the equator, and in- 

(97.) The magnetic force may, by the creases as we recede from it on either 
ordinary dynamic method of the resohi- side. Towards the polar regions it is 
tion of forces, be resolved into two very great, and as we come near to the 
forces, the one acting vertically, the other poles, it approaches to a right angle. At 
horizontally* The latter of these forces, the magnetic poles themselves, the 
namely, the horizontal force, is the only dipping needle would, of course, be ex- 
one with the action of which gravitation actly perpendicular to the horizon, 
does not interfere ; and accordingly, the Those places on the earth where the 
mariner's compass indicates by its mo- needle is perfectly horizontal, that is» 
tions, the effects of this part of theter- where there is no dip, are in a line that 
restrial magnetic force, and this only, encircles the ^lobe, and is termed the 
In order to ascertain the vertical force, magnetic equator, 
we must proceed in a different manner, (99.) As the magnetic poles are not 
The needle must be furnished with an situated exactly at the poles of the earth*s 
axis, at right angles to its length, and rotation, but at some little distance from 
adjusted very carefully, so that it may them; so, the magnetic equator does 
pass as exactly as possible through its not coincide with that of the earth ; 
centre of gravity. This, of course, can though it does not in any part deviate 
only be done when the needle is wholly widely from it. In a general way we 
free from magnetism, and secured, in the mav consider it as a great circle of the 
manner hereafter to be pointed out, from globe inclined to the terrestrial ec|uator 
all magnetic influence which the earth at an angle of about 12 degrees ; its in- 
might exert upon it. The axes should be tersections with it being situated at the 
supported horizontally in such a man- longitudes 113° 14' west, and 66° 46' 
ner as to allow the needle complete free- east from the meridian of Greenwich, 
dom of motion in a vertical plane. The Such, at least, is the result given by all 
needle being thus balanced, will have no the observations made for an extent oi 
tendency to incline to one side rather more than one half of its circuit, in the 
than to another, and will remain at rest Atlantic and Indian Oceans, and that 
in any position in which it may happen part of the Pacific which is nearest to 
to be left, as long as no extraneous force the South American continent, as ap- 
is applied to it. When this has been pears from a table of these observations 
accomplished, the needle is to be mag- given by Biot*. But a remarkable ano- 
netized, by the methods hereafter to be maly is met with when we trace the 
described, as strongly as possible, and it course of the magnetic equator across 
is then to be replaced on its supports, the Pacific Ocean, This line is found 
which are to be turned so that the plane in the southern hemisphere in the 
in which the needle is allowed to move, American continent, and joins the equa- 
may coincide with that of the magnetic tor as before-mentioned, at a longitude 
meridian. It will be found that, in this of about 113°; but still further to the 
situation, the end of the needle to which westward, at longitude 156° 30' it is 
a northern polarity has been imparted, again met with at a distance from the 
will preponderate, or dip, as it is called, equator and to the south of it. In the 
and after a certain number of oscilla- Sea of China at 116° east longitude, it is 
tions, will settle at a determinate point, found to the north of the equator. 
The line which its axis assumes under which it must therefore have crossed at 
these circumstances, is termed the mag- some intermediate point ; and it is again 
netical direction, or position. The dip of inflected towards the south, so as to tra- 
the needle was first observed by Norman, verse the equator at the eastern node 

(98.) The inclination of the needle, or already mentioned. 

dip, like the variation, ditfers in differ- It appears, therefore, from these ob- 

ent parts of the globe. The latest accu servations, that there are at least three 

rate observation of the dip in London, points in the terrestrial equator where the 

of which we have any record, is that of magnetic equator coincides with it ; and 

Captain Sabine, who ascertained it, in the probability is, that there are four: 

August, 1828, to be 69° 47\* Asa because, if the latter curve passes to the 

— northern side of the equator at its western 

• Philosophical Transactions for 1829. Since the coincidence, it must again cross it before 

above was written, we are informed that the dip . 

has been ascertained by CapL Segelcke to be 68^ 

S8' at Woolwich, In Nov. 1830. • Traite de Physique, tome III. p. 130. 
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it can arrive at the southern situation in (102.) The first accurate observations 
which it has been met with in longitude of this kind were those matle by Hum- 
1564° These inflexions will, therefore, boldt, and by De Rossel: who have 
assume a figure, with relation to the completely established the general fact, 
terrestrial equator, somewhat like that* that the intensity of the force of terres- 
represented in Jig. 40, where the dotted trial magnetism increases as we recede 
line m m m, is the magnetic, and the from the equator, where it is weakest, 
continuous line, e e, the terrestrial till we approach the poles : at the mag- 
equator, netic poles themselves, it is probably 

^I'g' 40. greater than at any other spot. We 

wy"^^^::::^''^^^- ...^^ have every reason to expect that great 

light will be thrown on this department 
of the science from the labours of Pro- 
fessor Hansteen of Christiana, who is 
now travelling at the expense of the 
King of Sweden, and with the permis* 

$ 3. Variations in the Intensity of sion of the Emperor of Russia, for the 

Terrestrial Magnetism. purpose of observing the magnetic dip, 

riOO.) Besides the variation and the variation, and intensity, over the whole 

dip, which together constitute the mag- ^^ the North of Europe and of Asia. He 

netic position, and which differ much in ba^especialJy directed his attention to 

different situations, there is also a third **'ace the course of the hnes of equal in- 

circumstance highly deserving our atten- tensity, or tsodynamic lines as they have 

tion in connexion with this subject, *>««" ca^ed : that is, the lines connecting 

namely, the intensity of the force which ♦"0»® P^a^es where a needle freely sus- 

directs the needle towards this position. Ponded m the magnetic direction, and 

Extensive observations of the relative in- ^""^^n » certain number of degrees from 

tensities of the magnetic force of the earth this position, makes the same number of 

in different parts of its surface, are of vibrations round the point of rest in an 

greater value in enabling us to under- ®<iu** time* 
stand the general system of terrestrial 

magnetism than those in the dip or va- J 4. Hypothesis of the Magnetism tf 
riation. We know that this force varies the. Earths 
^eatly in different latitudes; but our (103.) From a consideration of the 
mformation with regard to the exact general facts that have now been stated 
amount of this variation is exceedingly with respect to the influence of terres'^ 
scanty, both from its importance not trial magnetism, it will be sufficiently 
having been felt, and the consequent evident that the earth acts upon mag- 
omission of the proper observations netised bodies in the same way as if 
with regard to it, and also' from the it were itself a magnet; or rather as 
greater difficulty there is in conducting if it contained within itself a powerful 
the experiments which are required to magnet lyin^ in a position nearly coin- 
ascertain it. ciding with its axis of rotation. This 
(101.) The best mode of estimating hypothesis was ori^nally proposed by 
the comparative intensities of the mag- Dr. Gilbert in his work entitled 
netic action in the same needle in two " Physiologia nova de Magnete, et de 
different places, is to count the number Tellure magno magnete," published in 
of oscillations which it makes In a given the year 160O; and Kepler ranks this 
time, a minute for example, on its being hypothesis among the ^eatest disco- 
disturbed from its position of equili- veries in the annals of science, 
brium.wliile it is resuming that position. (104.) In order to make this hypo- 
The movements of the needle being re- thesis agree with facts, we must assume 
gulated by the same dynamical laws that that pole of the terrestrial ma^et 
which govern the oscillations of the pen- which is situated in the northern regions 
dulum, it is a necessary consequence of of the earth, attracts the north pole of 
those laws, that the intensity of the force the compass needle, and consequently 
producing the oscillations, is proper- that it has the same properties as the 
tional to the square of the number of south pole of an ordinary magnet. The 
oscillations performed in a given time, opposite pole of the earth, or that situ- 
Mr. Graham appears to have been the ated in the antarctic regions, has the con- 
first who devised this method of mea- trary properties, for it attracts the south 
suring the magnetic intensities. pole of the compass ; and therefore cor 
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responds in its properties to the north iarity. We should not liave dwelt upon 

pole of a common magnet. this comparatively unimportant topic, 

(105.) It may be necessary to remark were it not that this change of language 
that this circumstance of the south pole is sanctioned and adopted by Biot and 
of the terrestrial magnet being situated most of the Continental writers on mag- 
near the north pole of the earth* and vies netism. 

vena, has occasionally created a confu* (107.) Assuming it, then, as an hypo- 
sion of terms. Some authors have taken thesis, that the earth contains in its axis, 
a fiancy to reverse the names we have or near it, a powerful magnet, let us 
hitherto given to the magnetic polari- note the consequences which follow from 
ties : assuming that it is more correct to it, and compare them with the facts, 
set out by culing that property which We shall begin with those that relate to 
distinguishes the pole of the terrestrial the inductive power of the earth's mag- 
magnet situated in the northern regions, net : a power which will be exerted in 
the northern pdaritv : and consequently the direction which a magnetised needle, 
to eive the name of the south pole to that at perfect liberty to move, would assume 
pole of the compass, or ordinary magnet, in consequence of the action of terrestrial 
which is attracted towards it, and which magnetism ; that is, in the direction of the 
ol coiurse has the opposite polarity. For magnetic position. In this part of the 
the same reason they woula call the ant^^ globe this position is, as we have seen, 
arctic pole of the magnet of the earths^ not very far from the perpendicular to the 
Mouih pole, and that end of the needle horixon. A bar of unmagnetised iron 
which is turned towards it, the north placed in the vertical position, or near it, 
pole. Mr. Savery * endeavoured to avoid ought therefore to become magnetic 
this confusion of terms by using the from the influence of the earth, and 
word eikl, in contradistinction to that of merely in consequence of its position. 
pole; and this phraseology is adopted Its lower end should exhibit the proper- 
by Mr. Christie in his papers in the Phi* ties of a north pole, and its upper end 
losophical Transactions, as appears from those of a south pole. All this agrees 
the following passage : '* To prevent perfectly with experience. An iron bar 
any ambiguity, I must here state, that field nearly upright will be found, at its 
by the eouth pole of a ma^et, I under- upper end, to attract the north pole of 
stand always the end which, when the a compass needle, and repel the south 
magnet is freely suspended, points to- pole : it is, therefore, itself a south pole, 
wards the north pole of the earth ; so Its lower end, on the contrary, will at-. 
that the north aid is the south pole, and tract the south, and repel the north pole 
ihe south end the north pole of 9k mag<» of the compels: and has therefore a 
netic needle .'* It matters little which northern polarity. That these properties 
set of terms are lued, provided they are of the ends of the bar depend altogether 
dearly defined, and all persons agree to on the position of the bar itself, is proved 
abide by these definitions. But where- by reversing it^ position ; when the two 
ever a diversity of practice exists, it is ends will be found to have exchanged 
then begi to adhere to that which most, polarities merely by their change of 
generally prevails : in the present case situation : the upper end being always a 
the authorities in favour of the nomen- south, and the lower end a north pole, 
elature we have adopted are much the On the other hand, if the bar be placed 
most numerous. in a position at right angles to the mag- 

(106.) Some have attempted to avoid - netic position, (for example, horixontally, 

the confusion which the changes just and with the ends directed to the east 

mentioned would lead to, by the intro^ and west,) it will not exhibit any cha- 

duction of the terms Boreal and Austral racteristic magnetism, 

instead of north wnd south: the former (108.) The magnetism which a soft 

set of terms having reference to the na- bar of iron derives from its position with 

tural magnetism of the earth, the latter relation to the earth, is, as we have just 

to that of the neecfle, or artificial mag- seen, of a transitorv kind ; immediately 

net : that is, they would express what lost on turning the bar so that it makes 

we have all a)ong called the northern a right angle with the magnetic position ; 

polarity, by the term Austral polarity ; and again acquired, but with contrary 

and the southern polarity, they would poles, when its position is reversed. But 

translate by the expression Boretd po- this is not the case with harder* bars, for, 

«PbH.Tran..fori7dO,p.»5. ^y remaining for a considemble time in 

t Ibid, for I8S8, p. ^44. a Vertical position, they are found to ac- 



\ 



MAGNETISM. 27 

quire a sensible and permanent magne* the upper end acquirme the southern, and 

tism. This is generally the case with the lower end the northern polarity. Hot 

the stationary iron bars belonging to a iron, according to the same experimen- 

building, and even with pokers and other talist, receives more magnetism of posi- 

fire-irons which have long been kept in tion than the same when cold. An iron 

an upright position. This circumstance bar is rendered magnetical by passing 

will also readily account for the perma- an electrical discharge through its axis, 

nent magnetism of that class of iron ores provided it be in a position favourable to 

to which the. loadstone belongs. Indeed mduction by the earth : and the polarity 

it is perhaps not goin^ too far to assert it ac<^uires corresponds with the effects 

with Professor Robison that all the of this induction. Electricity appears 

magnetism which we observe, whether to act, in this instance, merely by its 

in nature or art, is either the immediate mechanical agency, and independently 

or the remote effect of the magnetism of of a peculiar influence of another kind 

the earth. which it possesses, and which will be 

(109.) All the phenomena which we the subject of futurie inquiry, 
have abready described as the conse- (110.) Let us now examine how &r 
quences of induced magnetism proceed- Dr. Gilbert's hypothesis corresponds 
ing from (Nrdinary magnets, are exem* with the actual phenomena of the varia-> 
plified also in the case of that derived tions of magnetic position in different 
from the magnetism of the earth. It is pai^ of the globe. For this purpose, it 
most readily induced, but soonest lost, will be necessary to revert to what was 
in the softest kinds of iron and steel ; it explained in a former chapter regarding 
is slowly acquired, but more permanently the positions which a small needle as- 
retained in hard-tempered steel. Per* sumes when under the influence of a 
cussion promotes the change, of what- Strong magnet in its vicinity, and va- 
ever kind it may be, which the position riously situated with respect to it. These 
of the bar relatively to the earth has a positions, we have seen, are tangents 
tendency to produce. Hence we see the to a magnetic curve passing through the 
reason why the steel bar described in $ 6 two poles of the great magnet, and 
became permanently msignetical by through the centre of the ne^le. The 
being struck, while in a vertical position, direction of the tangent, which is the 
with a hammer. Mr. Scoresby found same us that of the dipping-needle, 
that even a bar of soft iron, held in any together with that of a vertical line, 
' position, except in the plane of the mag- or one perpendicular to the horizon, 
netic equator, may be rendered magne- will determine the plane of the magnetic 
tical by a blow with a hammer or other meridian, for it is the plane which in- 
hard substance ; and both ends seem to eludes both these lines. The compass- 
acquire, by this treatment, an equal de- needle, which turns in an horizontal plane 
gree of magnetism. only, will arrive at its position of equi- 
On the other hand, an iron bar, pos- Hbrium when it is situated in the plane 
sessing permanent polarity, wheii placed of the magnetic meridian, because it 
any where in a direction at right angles then makes the nearest approach of 
to the magnetic position, and strack which it is susceptible, to the position of 
several times, has its magnetism always the dipping-needle, which is tmt towards 
much wakened, and may even be de- which the magnetic influence of the 
prived of the whole of its magnetism by earth tends constantly to bring it 
a single blow. This affDrds, indeed, an (111.) In those parts of the elobe 
excellent method of depriving iron of its where the dip is very small,^ the nori- 
magnetism. Rough treatment of any zontal needle iseapabteof talong a posi- 
kind, such^ as fllmg or scouring th^ tion very nearly approaching to that of 
surface of iron, and more especially thedipping-needle:nence the terrestrial 
bending or twisting it, when in the mag- magnetism is exerted in bringing it to 
netical position, tends to impart to it the this position with veiy little loss of its 
magnetism corresponding with that po- iorce. This happens in the equatorial 
sition ; or to destroy its previous mag- regions of the earth. In high latitudes, 
netism, if it be subjected to the same on the contruy, where the dip is great, 
treatment in a position at right angles the foiees which actuate the horizontal 
to this. needle, act more obliquely, and there- 
Iron heated to redness, and quenched fore to great disadvantage : hence the 
in water, in a vertical position, was found compass-needle is more feebly impelled ; 
by Mr. Scoresby to become magnetic; thepcAut of rest ia less deci(toi>ly marked. 
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and the Compass traverses siowl^. The magnetic poles do not occupy points on 

absolute intensity of the terrestrial force the globe diametrically opposite to each 

is, indeed, greater in the latter case than other, which would be the case if the 

in the former ; but the increase is not magnetic influence emanated from the 

sufficient to compensate for the greater centre of the earth. It has bee^i sup- 

obliquity of its action. If we could posed, in consequence, that the terres- 

place ourselves exactly over the north trial magnet, or centre of magnetic 

or south magnetic pole of the earth, force, was eccentric. But this suppo- 

the dipping-needle would take a vertical sition alone will not suffice ; for there 

position, and the horizontal compass are various indications of the influence 

would no longer be sensible to the in- of more than one pole in each hemi- 

fluence of terrestrial magnetism, but sphere of the earth ; and the probability 

would remain at rest in any position in is that these poles are of ver^ unequal 

which it might happen to be placed. intensities. Other irregularities exist 

(112.) An these consequences of the which appear to owe their existence to 

hypothesis which ascribes terrestrial the influence of causes entirely local and 

magnetism to the influence of a magnetic of limited extent, such as might be sup* 

power in the central regions of the earth, posed to be derived from large masses 

and of which the direction nearly coin- of iron situated at different depths be- 

cides with its axis of rotation, may be neath the surface of the earth, 
experimentally illustrated by placing a (114.) The observations best calcu- 

strong magnet in the centre of an arti- lated to decide the important question 

ficial globe. The points on the surface of the existence of secondary magnetic 

which are opposite to the poles of the poles, appear to be those of the varia- 

magnet, are to be marked as the terres- tions of magnetic intensity, from which 

trial magnetic poles. A great circle we derive the kno>^ ledge of the isodyna- 

being traced equidistant from these mic lines already adverted to ($102); for 

poles, will be the magnetic equator, these lines will necessarily arrange them- 

, dividing the globe into the northern and selves in regular order around the point 
southern magnetic hemispheres. Great or points in each hemisphere when the in- 
circles passing through the poles, and tensity is greatest, that is around each 
crossing the equator at right angles, respective pole. If these poles were 
will be magnetic meridians ; of which single, and placed opposite to each other 
the one which also passes through the in the globe, one in the northern and the 
poles of the earth*s rotation will be the other in the southern hemisphere, the 
lines of no variation. Smaller circles lines of equal intensity would form pa- 
parallel to the. magnetic equator, will rallel circles, analogous to those of geo- 
mdicate situations when the dip is the graphic latitude. Captain Sabine re> 
same in all. The Uhes of equal varia- marks * that the observations on this 
tion will be curves of particular forms subject, made previously to those of Pi o- 
less easily determinable. The accord- fessor Hansteen, appeared to corrobo- 
ance of fact with theory may now be rate such an hypothesis ; for, although 
verified by placing in different situations, they extended widely over the magnetic 
on the surface of a globe so prepared, a parallels . in the northern hemisphere, 
small needle suspended as freely as pos- namely, from the least almost to the 
sible by a fine thread, which holds it greatest intensity, yet they were confined, 
balanced as nearly as possible at its in respect to longitude, to a space little 
centre of gravity, and observing the more than a quarter of a hemisphere ; 
positions it assumes in each situation. and to that quarter which is immedi- 
(113.) But when we come to compare ately opposite to the countries visited by 
the r<»^lar lines thus traced from theory. Professor Hansteen. Within the space 
on the supposition of a single central that had been thus examined, the isody* 
magnet, with the lines which obser- namic curves appeared to arrange them- 

* vation points out as those indicating selves with comparative insigniticant 

the actual variations of the magnetism deviations, in parallel circles around a 

of the earth, we meet with very remark- point situated in the north-eastern part 

able discordances. Many have been the of Hudson^s Bay, and, as nearly as could 

attempts made to explain the irregula- be judged, about the intersection of the 

rities and anomalies in the course of the sixtieth degree of geographical latitude 
magnetic lines by suppositions of various 
kinds. There is reason for believing 

that the northern and the southern * Quarterly Jaurnal of ScienciC. Sept. 1829, p. a. 
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with the meridiaa of 8Q^ west of Green- 
wich. 

But M. Hansteen was led by a more 
careful consideration of the slight ap- 
parent deviations which had been no- 
ticed, and of the general disposition on 
the globe of the lines of dip and varia- 
tion, to infer the existence of a second 
point of principal magnetic action in 
the northern hemisphere. This fact 
may now, indeed, be regarded as fully 
established by his recent observations ; 
the isodynamic curves bein^ found to 
arrange themselves systematically round 
two poles, the one in Hudson's Bay and 
the other in Siberia ; and to be governed 
in the courses which they follow, partly 
by their distances respectively from 
those points, and partly by a disparity 
in the absolute attractive force at the 
points themselves : the maximum in- 
tensity in Siberia appearing to be weaker 
than that in Hudson's Bay, and existing 
at a point situated in longitude 1 02° east 
of Greenwich, which is as nearly as can 
be judged, 180° from the present posi- 
tion of the corresponding point in Hud- 
son's Bay, and in a latitude somewhat 
to the north of 60°, but which, it is to 
be hoped, will soon be more particularly 
determined. 

J 5. Progressive Chanffes of Varior 
Hon and of Dip, 

(115.) The most singular and unac- 
countable circumstance relative to ter- 
restrial magnetism remains yet to be 
noticed ; namely, that it does not remain 
Constantly the same in the same place, 
but undergoes a slow and progressive 
change. The variation of the compass 
is itself variable, not merely in different 
regions of the globe, but at different 

Eiriods of time. Thus, the needle in 
ondon, in the beginning of the seven- 
teenth century, was inclined a few de- 
grees to the eastward of the true north. 
In 1659 or 1660, it pointed exactly 
north ; or in other words, the variation 
was reduced to zero; and, of course, 
London was at that time one of the 
points of the line of no variation. After 
this, the variation became westerly, and 
has continued so to the present time. 
The line of no variation, therefore, has 
been progressively, but slowly moving 
in a westerly direction, and has now 
passed over to North America. 

Similar changes have taken place at 
Paris; but the line of no variation ap- 
pears to have passed .over that city 
rather later than it did over London: 



for it was not till the year 1664 that the 
magnetic coincided with the true meri- 
dian. In 1814, it was 22° 34' west. In 
October, 1829, the variation at Paris 
was ascertained, by M. Arago, to be 
22° 12' 5" west*. 

. At London, ,the westerly vanation 
continued to increase till the year 1818, 
when it amounted to 24° 30/ This ap- 
pears to have been its maximum ; for 
since that time it has somewhat dimi- 
nished, and is at present about 24°. 

It appears, from the table given by 
Mr. Gilpin f, that the annual change in 
the variation has diminished, in each' 
successive period, since the beginning of 
the last century. In the preceding cen- 
tury, that is from 1622 to 1692, the an- 
nual change was about 10' ; from 1723 
to 1773, it was about 8'; from 1787 to 
1795, about 5' ; from that time to 1802, 
only 1'.2: in 1818 it was reduced to 
zero, 

(116.) The dip has also undergone 
corresponding changes, though less con- 
siderable ones than the vanation. In 
1680, the dip in London was 73° 30'; 
in 1723 it was 74° 42^: since which time 
it has been observed to diminish pro- 
gressively, though, as it would seem, 
not quite regularly. 

Authorities and Localities. 

In 1773 it was 72° 19' Dr. Heberden. 
1786 „ 72 8) Gilpin, Royal 
1805 „ 70 21 i Society'sRooms 

Phil. Trans, for 
1806, p. 419. 
1818 „ 70 34 Capt. Kater, Re- 
gent's Park. 
1821 „ 70 3 Captain Sabine, 

Chiswick. 
1828 „ 69 47 Ditto. 

1830 „ 69 38 Capt. Segelcke, 

Woolwicn.J 
On the continent of Europe the dip 
has undergone a similar diminution of 
late years. The dip at the observatory 
at Paris, in the year 1814, was 68° 36% 
according to the determination of 
M. Bouvard. In June, 1829, it was as- 
certained by M. Araeo to be 67® 4 1'. 3. 

(1 1 7.) Captain Ssu>ine, by comparing 
the present dip with that observed for 
the last fifty years, concludes that the 

• Annuaire pour i'An 1830. 

i Phil. Trans, for 1806, p. 8»5. 

t For the information relative to the last of these 
determinations, we are indebted to the kindness 
of Professor Barlow, of Woolwich, who states that 
Captain Scgelclce, of the Norwegian Nayy, and 
a friend of Professor Hansteen, employed in this 
determination of the dip, the same needle which 
the latter had with him in his recent tour in 
Siberia. 
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mean annual diminution is about 3'. theory lead* to the expectation that it 
Mr. Barlow finds that these observa- will continue to decrease together with 
tions accord much more nearly with the dip, for about two hundred and 
what would take place on the supposi- fifty-five years, at the end of which 
tion of a uniform motion of revolution in period, that is in 2085, the longitude of 
the magnetic pole round the pole of the the magnetic pole will be 180?; the 
earth. From the most authentic ob- variation will then be nothing, and the 
servatiops on the dip and variation dip only 56% which wiU be its minimum; 
of the needle in London, he calculates they wUI then both increase together for 
that the longitude of the northern ex- the next two hundred and sixty years, 
tremity of the magnetic polar axis when the needle will have its greatest 
which it obeys was, in 1818, 67^ 41' easterly variation, and will then again 
west, and its latitude 75° ^ north. If return towards the north, the variation 
we suppose that the motion of this pole decreasing, but the dip still increasing, 
has bc«n uniform since the year 1660, for one hundred and sixty-five years 
when, from the disappearance of varia- longer, namely, till about the year 2510, 
tion, its longitude must have l)een xero^ when the magnetic pole will be again in 
and that it has preserved the same dis- the meridian of London ; the variation 
tanoefrom the terrestrial pole, its an- will then be zqro, and the dip will amount 
nual motion of revolution must have to 77° 43'. It is to be observed, how> 
been about 25'. 4. It would, therefore, ever, that Mr. Barlow advances this 
require eight hundred and fifty years merely as an hypothesis, the trulth of 
to make an entire revolution of 360°. which remains to be dt^termined by 
Computing from these data, it would future experience, 
follow that the variation ought to reach (120.) A curious hypothesis was ad- 
its maximum when the longitude of the vanced by Dr. H alley, and supported 
magnetic pole is 70^ 23' west. It would with some ingenuity, m order to explain 
have' arrived at this situation about the the progressive changes that take place 
year 1823 ; about which time, as it would in tne variation of the compass. He 
appear, the variation was stationary, supposes the globe we inhabit to be a 
having attained its real maximum, and mere external shell, enclosing, towards 
having, since that period, actually re- its centre, a detached magnetic nucleus, 
troceoed. of a spherical shape, which revolves with 
(118.) On calculating what the dip the external shell on a similar axis, with 
should be in 1823, according to Mr. nearly the same velocity. He stmposes 
Barlow*8 hypothesis, a ver]^ near agree- both these spheres to be magnets, having 
ment with actual observation is found each two poles ; but the poles of 
to take place. It follows^ however, from the one not exactly corresponding in 
this hypothesis, that the dip has not an situation with the poles of the other, 
uniform decrease, but that it is changing The difference of the periods of rotation 
much more rapidly at this present time of the two spheres, he conceives to be 
than it has ever done since maenetical exceedingly small, yet sufficient to be- 
observations have been made. Its de- come sensible after the lapse of years, 
crease, during the ^ve years preceding &nd to occasion a change in the relative 
1824, has been nearly half a degree, and situation of the two sets of magnetic 
it ought to have diminished to an equal poles ; and hence would arise changes in 
extent during the following five years, the direction of their resulting actons, 
Mr. Barlow* has computed ^hat in ' and corresponding changes in the varia- 
laoQ "**^"?JrSS^'* ^o*i5> tkm of the magnetic needle. However 
,ooo * ' ^. «« • • ^« «T ingeniously this hypothesis may have 
1833 . . 24 26 • . 69 21 been framed, it was too bold and fanciful 
The n«ur accordance of these results to have been ever generally adopted. Its 
with what has actuaUy been observed, author, indeed, hu the candoi» to ac- 
is considered by him as a strong confir- knowledge that it is beset with nume- 
TV?U ?' 1. ^"*S ^^ ^* hypothesis. rous difficulties, which furth«exttBrience, 
(1 1 9.) It would appear, then, both extended over a long period of time, can 
from observation and from theory, that aio^e enable us to remove. He con- 
the dip IS at present changing more dudes his paper in the PhUosophical 
rapidly than the vanahon ; and the Transactions m which he has developed 
his theory, with the following sentence: 

• see hi. R.«, on Mi«oetic AttracUon., 2ml ' ^^^ whether these magnetic^ polea 
Edition, p. 3I& " move altogether with one motion, or 
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with several — ^whether equally or un- of greatest amount at about eight o*clock, 

equally — ^whether circular or libratory ; thence returning qnickly to its mean po- 

if circular, about what centre ; if libra- sition, which it attained between nme 

tory, af!er what manner ; are secrets as and ten o*clock, after which it became 

yet utterly unknown to mankind, and westerly ; at first increasing rapidly, so 

are reserved for the industry of future as to reach its -maadmum at about one 

ages*.* o'clock in the afternoon, and then slowly 

A « n.,,.^/,7 /-A^««.^o /./• i^.,w^#./w. receding during the rest of the day, and 

J 6. Diurnal Changes of Vartatton arriving at its mean position by about 

and Intensity. ^^^ ^^.^^^^ ^^ ^i^l^^ ^ ^^^^^ ^^ ^^^ 

(121.) Independently of the changes weather,and more particularly that of the 

already noticed, the position of the mag- temperature, had considerable influence 

netic needle is liable to certain slight on the nature and extent of the changes, 
variations, according to the time of the (124.) Mr. Christie remarks that th^ 

day, and also according to the season of changes which are observed to take place 

the year. The daily change in the va- cannot be explained by a change in the 

nation was discovered in 1724 by Mr. directions alone of the terrestrial forces, 

George Graham, and has been confirmed but that their characters agree, as nearly 

by many subsequent observers. This aswe can possibly expect, with the effects 

change, however, is exceedingly minute, that would take place from an increase 

and requires the most careful observa- of intensity at the time that the direction 

tion, and the most delicate instruments deviates towards the west, 
to render it sensible, even in the hori- (125.) The occurrence of diurnal 

zontal needle ; and it is still more diffi- changes of intensity at Christiana in 

cult of detection in the dipping needle, Norway have been ascertained by 

which does not admit of tne same de- M. Hansteen ; the same conclusion being 

gree of delicacy of suspension. deducible from his observations of the 

(122.) Professor Barlow, to whom the vibrations of a needle very delicately 
science of magnetism is so much in- suspended ; and also from those of Mr. 
debted for its more recent improvements, Christie, made'with a different apparar 
has devised a mode of rendering these tus, and by a totally different method, 
diurnal oscillations much more percep- (126.) M. Hansteen found that the 
tible, by diminishing the ordinary direc- minimum intensity occurs about half 
tive power of the needle, through the past ten o'clock in the morning, that is, 
influence of one or two magnets, placed about two hours after the westerly devi- 
in such positions with respect to the ation has commenced, and the maximum 
needle as to counteract, and thereby intensity at half- past seven in the even- 
neutralize, as it were, the terrestrial ac- ing, that is, about the same time af^er 
tion. The effect of the ordinary action the return towards the east Mr. Chris- 
being thus removed, he was led to ex- tie * found that the terrestrial magnetic 
pect that the extraordinary cause, what- intensity is the least between ten and 
ever it mi^ht be, which produced the eleven o'clock in the morning ; the time, 
daily variation, would exhibit its effects nearly, he observes, when the sun is on 
much more perceptibly ; and thus not the magnetic meridian ; that it increa.ses 
only the amount of the changes it pro- from this time until nine and ten o'clock 
duces, but also the period of their taking in the evening ; after which it decreases, 
place, and of the maximum of their ope- and continues dec]reasing, during the 
ration, might be ascertained with great morning, until it attains its minimum 
precision. These expectations have been already stated. 

amply realized by the success of his own (127.) The general dependence of 

experimental researches, and also by these variations of magnetic position on 

those of Mr. Christie, which are de- diurnal changes of temperature is suffici- 

tailed in several papers in the * Philoso- ently apparent from the results hitherto 

phical Transactions f.' obtained. But the prosecution of the in- 

(123.) The general result of Ihe ex- quiry involves considerations of another 
periments of the latter of these obser- kind, connected with a subject we havenot 
vers was, that the deviation of the hori- yet touched upon, namely, electro-mag- 
zontal needle from the mean position was netic and thermo -magnetic phenomena, 
easterly during the forenoon, and was (128.) The mean diurnal changes of 
^ variation were found by Mr. Canton to 

• PWL 7 rans. for 1668, p. 220. ' ] ' ~~ Tj 

i For ia2S, 1826, and 1627., * Philosophical Transactions lor 1825, p. 61. 



39 MAGNETISM. 

differ at different seasons of the year, nal changes of variationt in each month, 

being greatest in June and least in De- which he found to be very different in 

cember^ and he has given the results of different years. The following table 

his observations in a tabular form. Mr. contains the results of these different ob- 

Gilpin investipjated this subject at a later servations *. 
period, and^ves also tables of the diur- 

Mean Diurnal Changes of Variation. 

w ..♦fc- Canton In Gilpin in 

Month!. ,7^^^ ,787, ,795. 

January 7' 8'' .. 10'. 2 .. 4'. 3 

February 8 58 ..10.4.. 4.6 

March 11 17 ..15, .. 8.5 

April 12 26 .. 17.4 .. 11.7 

• May 13 .. 18.9 .. 10.4 

June 13 21 .. 19.6 .. 12 .6 

July 13 14 .. 19.6 .. 12.5 

August 12 19 .. 19.4 .. 12.1 

September H 43 .. 16.5 .. 9.8 

October 10 36 .. 14.3 .. 7.0 

November 8 9 .. 11.1 .. 3.8 

December 6 58 •. 8.3.. 3.8 



Chapter IV. 
Theories of Magnetism. 

§ 1. Mechanical Theories. 

(129.) In the general view we have 
now given of the present state of our 
knowledge with regard to magnetism, we 
have strictly confined ourselves to the 
statement of facts, unmixed with hypo-- 
thetical speculations as to the nature of 
the powers from which they proceed. 
We have solely endeavoured to genera- 
lize the facts, as far as their nature and 
extent would warrant. The result has 
been their reduction to a small number, 
such as the mutual attractions and re- 
pulsions of magnetic iron siccording to 
certain laws, — the induction of these 
properties on other iron, — the differences 
in the capacities of receiving and of re- 
taining these properties, existing in dif- 
ferent kinds of ferruginous bodies, — and 
the magnetic influence of the globe of 
the earth. 

(130.) But the human mind is so 
constituted as to refuse being restramed 
within the boundaries of a rigid induc- 
tive philosophy. Incited by an irresisti- 
ble desire of exploring the secrets of 
Nature, it scruples not as to the means 
of forcing her to disclose them; and 
borne on the wings of imagination and 
conjectinre, presses forwards with an 
eagerness which often betrays it into 
courses widely deviating from the truth. 
Yet good is often found to result from 

• Phil. Trans, for 1769, p. 3»8. 



these erratic excursions of our faculties : 
they infuse fresh interest into the pursuit 
of knowledge ; they inspire with the hope 
of success ; they invigorate those powers 
which must be exerted to attain it. The 
spark which kindles a train of light is 
sometimes struck out in the conflict of 
discordant speculation; and amidst a 
multitude of attempts, some effort, more 
happy than the rest, elicits an important 
discovery. No great or comprehensive 
fact in science was ever established, 
without being preceded by a bold though 
sagacious conjecture. Hypothesis of 
some kind or other is invariably the pre- 
cursor of truth. 

(131.) Magnetism, ever since it occu- 
pied the attention of philosophers, has 
been a fertile soil for hypothesis. That 
a shapeless and unorganized lump of 
metal should have the power of drawing 
towards itself another equally rude and 
unfashioned piece lying at a distance, 
or of forcing it to move away, as if both 
were alive, and animated by some prin- 
ciple of active sympathy ; and that all 
this should take place, whatever may be 
the number or kind of the intervening 
bodies, nay even in the apparent absence 
of any connecting medium, are pheno- 
mena of too remarkable a nature not to 
excite in us a lively curiosity to learn 
their cause. No wonder that the an- 
cients, who had but imperfect notions of 
the real objects of philosophy, were im- 
pressed with a vague notion of their 
connexion with immaterial agency. Mag- 

• Phil. Trans, for 1806, pp. 416, 417. 
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netic attraction was ascribed by Thales observed effects. Descartes was the 

to the secret influence of a species of foremost among those philosophers who 

mind, or soul, residing in magnets. • laboured to account for all the unex- 

This was also the doctrine taught by plained movements in nature by the im- 

Anaxa^oras, who extended it to many pulsion of fluids drculating in vortices ; 

other phenomena in nature. Others en- and he naturally viewed the phenomena 

deavoured to account for the attraction of magnetic action as strongly corrobo- 

between the loadstone and iron by the rating his system. Euler also, who 

vague notion of a kind of sympathy ex- sought to explain various natural ap- 

isting between these two bodies. In pearances by the intervention of an 

later times Cornelius Gemma imagined ethereal fluid, did not fail to apply his 

that the connexion between them was favourite hypothesis to the elucidation 

established by what he calls invisible of magnetism. He even went so far as 

rays. Cardan asserted that the iron to imagine the possibility of there exist- 

was attracted because it was of a cold ing in the substance of iron numerous 

nature, and Costeo de Lodi, because canals, through which the ether circu- 

iron was the natural food of the magnet, lated, furnished with valves which regu- 

(132.) But, consigning these wild va- lated the direction in which it moved, 
garies to the oblivion they merit, let us It was not until the phenomena had 
consider whether the phenomena of been examined with greater care, and 
magnetism are capable of being re- \vere rigorously subjected to the in- 
duced to any class of physical actions ductive process, that juster notions of 
with which we are more familiar. In the nature of the mas:netic forces came 
accounting for a motion which we see to be entertained. With the knowledge 
take place, we have a natural repugnance we now possess of the actual law of 
to admit of the existence of a power magnetic attraction and repulsion, it 
of action at a distance ; or, in other words, must be at once perceived that all hypo- 
to conceive that a body can act where theses founded on the impulse of a fluid 
itself is not: and we fliways incline to in motion, are irreconcileable with that 
that supposition which implies the mo- law, and must therefore be totally dis- 
tion to be the effect of impulse. We carded, 
naturally ask, agreeably to this prepos- e « /m. ^ »? • 
session, whether the movements of mag- i 2. Theory of^ptnus, 
netic bodies may not be occasioned by (133.) The obvious analogy which pre - 
the impulse of some subtile ethereal fluid sent s itself between the phenomena of 
impinging on their surfaces ; emanating, magnetism and those of electricity, ha- 
for instance, from one end, and passing turally sugg:ested the probability that 
into the other, or circulating in invisible the same mode of explanation might 
currents around the magnets from pole apply to both, and. laid the foundation 
to pole. This fluid might, for instance, of the first rational theory of magnet- 
be conceived to emanate from one pole, ism. While ^pinus was intent upon 
to enter at the other, and permeating improving the beautiful electrical theory 
the substance of the magnet, again to of Franklin, he was struck with the re- 
issue from its former outlet. ' markable similarity in the attractions 

Such was the train of thought that and repulsions exhibited by the tourma- 
obviously occurred to those who firsf line, when it is heated, to those of mag- 
witnessed the arrangement which iron netic bodies; and it occurred to him 
filings, loosely scattered around a ma^- that the phenomena of magnetism might 
net, assume in consequence of its be derived from the agency of a peculiar 
influence. The filings have the ap- fluid, having properties very similar to 
pearance which would be given by a those of the electric fluid, but which 
stream of fluid brushing bv them, acted exclusively upon iron. The prin- 
and turning each individual filament cipal difference between the two sets of 
in the direction of its course; which phenomena was, that, in the case of 
course might accordingly be easily electricity, the agent, whatever be its 
traced in the regular and symmetric nature, is actually transferred from one 
curves that are exhibited to the eye. body to another; but in magnetism 
In the infancy of the science, and in the there is merely induction, but never any 
absence of any other hypothesis, many transference. In as far, however, as 
were the speculations advanced as to respects mere attraction, repulsion, and 
the mode in which these supposed induction, electricity and jnagnet ism pre- 
streams of magnetic fluid produced the sent phenomena that are perfectly pa- 

D 
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rallel to one another. Franklin*s inge^- quantity of fluid, must be neutral with 
• niuus theory of the two modes of elec- regard to its action on any other par* 
trie agency, the one consisting in an ticle of fluid, and also on any other par- 
excess, the other in a deficiency of fluid, tide of iron. Such is the condition of 
and the happy explanation it affoided unmagnetical iron or steel. Its ma^- 
of tlie opposite electrical states resulting netism is neutral, or in a state of equi- 
from induced electricity, and its accu- librium. 

mulation in the Leyden phial, were ap- (137.) But should, from any cause, 
plied with great ingenuity by ^pinus to this state of equilibrium be destroyed, 
the contrariety of magnetic polarities in and magnetic fluid be either accumu- 
the opposite ends of a magnet, and the lated beyond its natural quantity as re- 
induction of similar magnetic states in lates to the iron, or reduced below that 
an unmagnetized bar of iron. His sys- proportion, the part where this excess 
tem of magnetism, when di^sted into a or this deficiency exists becomes active 
series of propositions, may oe stated as — ^that is, acquires the properties of 
follows : — either a north or a south pole. As the 
(134.) I. There exists in all bodies fluid can never pass beyond the surface 
capable of acquiring magnetic proper- of the mass of iron in which it is con- 
ties, a subtile fluid, which may be csdled tained, the total quantity residing in that 
the magnetic fluid. mass must remain precisely the same, 

2. The particles of this fluid repel one whatever be its mode of distribution ; 
another with a force which decreases as and therefore the excess of fluid in those 
the distance increases. parts where it is accumulated or re- 

3. The particles of the magnetic fluid dundant, must be exactly compensated 
attract, and are attracted by the parti- by the redundant iron, if we may so ex- 
cles of iron, with a force varying accord- press it, in those parts where the fluid 
ing to the same law. is deficient. In all cases it will be only 

4. The particles of iron repel one the redundant fluid or the redundant 
another according to the same law. iron that constitutes the active parts of 

5. The msignetic fluid is incapable of the magnet. 

quitting the body in which it is contained, (138.) It follows as a direct conse- 

but it is capable of moving within the quence of the second condition of the 

substance of pure iron and of soft steel hypothesis, that the pole of one magnet 

without any considerable obstruction, in which the fluid is redundant will repel 

It is more and more impeded in its mo- the pole of another magnet in which it 

tion as the steel is tempered harder; is also redundant ; because the fluid in 

and in very hard tempered steel, and in each is mutually repulsive of the other, 
some of the ores of iron, it moves with (139.) From the third condition of 

the greatest difiiculty. the same hypothesis, it likewise follows 

(135.) In order to judge of the degree that the pole having an excess of fluid, 

in which the theory is qualified to re- or the overcharged pole, as we may 

present the facts, we must study the se- call it, of one magnet, will attract and 

veral consequences which flow from the be attracted by the pole in which the 

above suppositions, and then compare fluid is deficient, or the undercharged 

them with the actual phenomena which Dole of the other ; and this action must 

are presented to our observation. oe reciprocal. 

(136.) Each particle of iron, by the (140.) It is also a necessary conser 
hypothesis, attracts a particle of mag- quence of the fourth condition that the 
netic fluid, placed at any particular dis- redundant iron in the undercharged pole 
tance, with a certain force. We may of one magnet repels every similarly con- 
conceive that mn^netic fluid is gradually stituted pole in other magnets ; because, 
added to the particle, until the quantity by the hypothesis, iron repels iron, 
thus added is such that the force of re- (141.) Hence we deduce the general 
pulsion which the fluid exerts upon any law that similar poles repel, and dissi- 
distant particle of magnetic fluid, ex- milar poles attract one another, — a law 
actly bfUances the attractive force of identical with that we have already de- 
the iron for that same particle. This duced from experiment 
quantity may be regarded as the natural (142.) 'Let us next see what account 
t|URntity of fluid belonging to that par- the theory gives us of the induction of 
tide of iron. According to this definition, magnetism. If the overcharged pole of 
therefore, a mass of iron, all the par- a magnet be t>rought near the end of a 
tides of which contain their natural bar of iron in its natural or unmagneti 
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cal state, the redundant fluid in the pole ; at a little distance from this we 

former, exerting a repulsive influence on shall have a north pole; beyond this 

the fluid at the nearest end of the latter, again will appear another south pole, 

will give it a tendency to move towards and perhaps at the furthest end a se- 

the remote end. It will obey this ten- cond north pole. Sometimes, indeed, 

deucy, provided the texture of the iron there will be only three poles, the middle 

offers no obstruction to its transmis- one beins of an opposite character to 

sion ; and a certain portion of the fluid those at uie two enas, which are similar 

will accordingly be transferred from the to one another. 

near to the remote end. The bar will (145.) Let us now remove the mag- 
now exhibit magnetic properties ; its net ; what will happen to the iron bar ? 
near end being undercharged, will pos- The cause which maintained the mag- 
sess a polarity of an opposite nature to netic fluid in the forced state of excess 
that of the magnetic pole presented to at one end, and of deficiency at the 
it ; the remote end, being overcharged, other, no longer operating, the fluid will 
will have a polarity of the same kind as now tend to resume its original state of 
the pole of the magnet. uniform distribution over the whole mass 

(143.) A series of changes exactly the of iron; and if no obstacle exist in the 

converse of these will take place when, structure of the iron to impede its mo- 

instead of the overcharged pole, we tion, it will immediately revert to that 

present the undercharged pole of the state. But if the bar be of steel, which 

magnet to the bar. The redundant iron presents obstacles to the passage of the 

now attracts the magnetic fluid of the fluid, which the force derived from its 

bar, and draws it towards the adjacent tendency to equable diffusion is insuffi- 

end, converting it into an overcharged cient to overcome, the fluid which had 

pole, while the other end, from which passed will remain stationary, and the 

the fluid has been drawn, becomes the induced magnetism will continue as at 

undercharged pole. first — that is to say, the bar will have 

(144.) The effects, however, do not been converted into a permanent magnet, 

end here. The bar, thus rendered mag- (146.) On the same principle may be 

netic, reacts upon the magnet from explained the effect of hammering, or 

which it had dierived its pov/er, and tends any other kind of mechanical concus 

to increase the magnetism it originally sion, in impairing the magnetism of a 

possessed. This increased magnetism, steel bar; for the tremulous motions 

.in its turn, tends to produce an augmen- excited among the particles will open a 

tationofthe induced magnetism of the passage for the fluid, which will thus 

bar ; and these alternate actions and re- escape from the situations where it is 

actions proceed till all action is balanced condensed, and return ta those where it 

and every thing remains quiescent In is rarefied. 

soft iron this is accomplished almost in (147.) Heat, as we have seen, weak- 
a moment : but in steel the process is ens and finally destroys magnetic 
somewhat different ; for its texture power ; its operation may in like man- 
presenting great impediment to the mo- ner be understood, by its occasioning 
tion of the magnetic fluid, the changes the separation of the particles of iron to 
of' distribution take place much more a greater distance than before. Hence 
slowly, and to a less extent than they do the interstices will be enlarged, and the 
in iron. The adjacent end of a steel bar obstacles to the motion of the fluid will 
soon acquires a degree of polarity oppo- be diminished, or even entirely removed, 
site to that of the end of the magnet The majgnetic fluid will thus be enabled 
presented to it; but the polarity of the to regain its natural state of uniform 
same kind travels slowly onwards, and diffusion among the particles. But in- 
does not reach the other extremity of dependently of its mechanical operation, 
the bar till after a considerable time ; there are yet many other ways in which 
and if the bar be very long, may possibly heat may be conceived to contribute to 
never reach it. the destruction of magnetism. It may 

In this last case, we have a curious change the action of the particles of 

phenomenon produced from the influ- iron on those of the fluid, or of the fluid 

ence of a secondary induction ; namely, on each other, and by altering the dis- 

the appearance of a second set of poles, tribution of the fluid with respect to the 

at a certain distance from the first. Thus, particles of iron, may greatly affect the 

if a north pole has been presented, the law of action between one magnet and 

adiacent end of the bar wUl be a south another. 

^ D 2 
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. « ^ ,. - *7 . . ^ri 41. It will be found that Almost fhe 

§ 3. Ctfrreciton of jEptnus s Theory, ^^j^ polarity that is sensible, apptars 

(148.> Thus far do the facts accord with 
the hypothesis of iEpinus. and thus far '''^- "**• 

may we admit that hypothesis to be a sa- 
tisfactory explanation of these facts. But 
in one important application it entirely 
fails; it does not explain the conseauences 
that are observed to follow on the division 
of a magnet at the neutral point. Theonr 

would lead us to expect that we should, at the two extremities N and S ; the 

in this case, obtain the difiPerent polari- intermediate portions formed by the 

ties separate, one in one piece, and the junction of the opposite poles n and s 

other m the other. The fact we know to being, to all appearance, neutral If the 

be totally different: each part becomes series be broken at any one point as at 

a regular magnet with two poles, one of F, the two portions G and H will imme- 

which retains the character it had before diately present the properties of separate 

the separation. magnets, and the new poles N^ and S^ 

iEpinus attempted to remove this dif- being now separated, exhibit their na- 

ficulty by supposmg that, in the act of tural activity. 

fracture, a portion of the fluid actu- (151.) According to this view of the 

ally escaped from the overcharged pole, subject, the induction of magnetism will 

while another portion entered into that consist, not in the actual transference of 

which was undercharged, — effects which the magnetic fluid from one extremity 

he conceived might result from the to the other of the iron bar which hu 

sudden change in the balance of mag- been rendered magnetic ; but in a 

netic forces consequent iipon the frac- change of this nature taking place in 

ture. But this explanation, as Professor every particle individually, and by which 

Robison remarks, is far from satisfac- each particle is converted into a separate 

tory. magnet. 

iEpinus, is to consider a magnet as an (152.) The theory with respect to 

aggregate of small particles of iron, each magnetism which has of late more gene- 

of which individually has the properties rally prevailed, is founded on the sup- 

of a separate magnet ; that is, has two position, that its phenomena are occa- 

poles of its own : the arrangement of sioned by the agency of two magnetic 

these particles being such that all the fluids, residing in the particles of iron, 

poles are disposed in a regular order of and incapable of quitting them ; one of 

alternation ; so that in every part of the which fluids impsurts the northern and 

mass of iron, 6ach pole of one particle is the other the southern polarity. They 

in contact with the contrary pole of the have been denominated respectively 

next in the series. These adjacent poles the Austral and Boreo/ fluids. The 

of course neutralize one another, with particles of each of these two kinds of 

regard to their magnetic action, and it fluids attract those of the other, but 

is only those which are situated at the repel those of the same kind. When in 

extremity of the line, and which are not combination with each other, these 

associated with any other, that consti- fluids are neutral and inert ; each be- 

tute the active poles of the entire mag- coming active only when separate, llie 

net. Hence it is at the surface, and decomposition of the united fluids is 

more particularly at the extremities, effected by the inductive influence of 

that polarity is manifested ; and hence either the one or the other when acting 

when a magnet is broken across, the independently. It is obvious that, as 

fractured ends at once exhibit the oppo- far as regards the distribution and ac- 

site polarities they had before possessed, tion of the two magnetic fluids in each 

but which had been masked by their individual particle, this theory is pre- 

cohesion. cisely similar to that of the two electric 

(150.) A practical illustration of this fluids, of which an account has been 

view of the subject may be afforded by already given in our Treatise on Elec- 

placing a number of small magnets of tricity ; it is therefore unnecessary to 

e<)ual strength in a line, with their oppo- pursue its development in those particu- 

site poles in contact, as exhibited iny^. tars, for the reader need only refer to 
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that treatise, and substituting the terms ever come under the cognizance of our 

austral and boreal fluids for those of vi- senses. Poisson, who has given us a 

treous and resinous electricities, will beautiful developement of t&s theory*, 

find that all the details of the electrical designates these very minute spaces or 

theory will apply to that of magnetism, portions of a magnetic body by the name 

(Ida.) But however the laws of the of the magnetic elements of . that body, 
theory of a double magnetic fluid may There is also no necessity for making 
be analogous or identical with those of any particular supposition with regard 
the theory of a double electrical fluid, to the form or respective disposition of 
their application is somewhat difierent these elements, provided we simply con- 
in the two cases, in consequence of the sider them as insulated from each other 
diffierence of circumstances under which by intervals impermeable to either of 
they act. The electrical fluids, when the magnetic fluds. 
decomposed or separated from each (155.) The quantities of each kind of 
other, are capable of being extensively fluid .contained in every magnetic ele- 
transferred along the particles of bodies, ment must be considered, with reference 
and of being collected and accumulated to all our experiments, and to all the 
at the surfaces, where they have a powers we can apply, as without limit ; 
tendency to escape ; and where, if that that is to say, the forces we can corn- 
tendency exceed a certain limit, they ac- niand, in any magnetizing process, are 
tually do escape, either passing into the never sufficient to exhaust or separate 
bodies in immolate contact, or flying the whole of the fluids. For, when a 
off through the air to distant bodies, body is magnetized by the inductive in- 
In this manner each kind of fluid may fluence of a neighbouring magnet, the 
be separately, and in any quantity, trans- intensity of its magnetic state, as shown 
ferred from one body to another. No- by its effects, increases without limits in 
thing of this kind takes place with proportion as we employ a magnet of 
reg^ard to magnetism; the magnetic greater force; Which, of course, implies 
fluids are never found to quit the bodies that we have not yet effected the decom- 
to which they are attached, however small position or separation of the whole quan- 
those bodies, however intimate the con- tity- of the neutral or combined fluid 
tact with other iron, however long the which that body contains. In like man- 
contact may be continued, and however ner, we find it impossible to separate 
powerful the forces by which the fluids completely the two electric fluids con- 
are impelled. The phenomena conse- tained in any particular body, 
quent on the division or fracture of a (156.) Besides the obstacles, which 
magnet lead us also to the conclusion appear to be insuperable, to the trans- 
that no sensible quantity of either austral mission of the magnetic fluids from 
or boreal fluid is ever transported from one ma^etic element to another, there 
one part to another of the same piece of must exist, in the substance of certain 
iron or steel. Hence, in order to accom- bodies, some impediment of another 
modate the theory to these facts, we kind, which obstructs the motion of the 
must introduce as a new condition of fluids from one part to another of the 
the hypothesis on which it is founded, same magnetic element. The effect of 
that within the substance of a mag- this power, which is somewhat analogous 
netized body, the two magnetic fluids, to the force of friction, is to arrest the 
when they are decomposed by the in- particles of both fluids in the situations 
fluence of magnetizing forces, undergo which they occupy ; and thus to op* 
displacements to an insensible distance pose, in the first place, the separa- 
only. tion of these fluids, and, in the next, 

(154.) It is not necessary to deter- their return to the situations from 

mine whether the extremely small which they had been displaced, and 

spaces, within which these.displacements where they would unite to recompose a 

and motions of the magnetic fluids are neutral fluid. This force is termed, by 

restricted, be actually the same as the Poisson, the coercive force. In soft iron 

spaces occupied by the constituent mole- the coercive force is either wanting, oi 

cules of the iron ; it is sufficient for the is extremely feeble ; in steel and in the 

purposes both of theory and of the cal- loadstone it is very energetic ; and it 

culations founded upon that theory, that exists in various degrees of intensity in 

they be extremely small in comparison ^^^ ^ 

with the whole volume of the body, or . • M*nr»o|re8 de I'Instltut de France, tome v., p. 

.^, ,, 11 X J- *i_ 4 '247. Tue introduction to this meinoir 18 given Ml 

even with trie smallest aironnsions that the Annales de Chimie, tome XXV., p. lis. 
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different kinds of steel. This coercive as we have just seen exemplified in the 

force, which exists in iron with regard case of the simple filament. These 

to the magnetic fluids, is analogous in lines or filaments will, in genera], be 

all respects to the resistance which curved; the nature of the curvatures 

flass, resin, and other non-conducting depending on the form of the body, and 
odies, present to the passage of the on the external forces which act on the 
electric fluids through their substance, two fluids. They are termed by Poisson 
Having thus established the founda- linesqfmdgnetigation, and mKy he con- 
tions of the hypothesis of a double mag- sidered as constituted by series of mag- 
netic fluid adopted to the particular cir- netic elements, following one another m 
cumstances of the case, we must next en- the same regular consecutive order of po- 
deavour to ascertain precisely the distii- lar arrangement. We have to determine, 
bution of the austral and boreal fluids in then, for each point of the body which 
magnetized bodies, conformably with is the subject of investigation, the direc- 
these principles ; and afterwards exa- tion of the line of magnetization, which 
mine the nature of their combined ac- is also the line of polarity ; and the ac- 
tions upon bodies at a distance. tion of the magnetic element on any 
(157.) For this purpose, we may first other point given in position, either 
take the simpler case of a cylindrical within or without the body. This action 
needle of soft iron, of very small dia- is the difference of the forces exerted by 
meter, and of any given length, as re- the two fluids contained in the element, 
presenting an elementary longitudinal arising from the slight separation of 
filament of that metal. In the natural the austral and bored particles, which 
state of the needle, the two fluids it constitutes the state of polarity. It may 
contains are united in equal proportions excite surprise that' forces depending on 
throughout its substance, so that their such small difierential distances a« 
actions, being equal and opposite at those of the two centres of austral and 
all distances, totally destroy each boreal forces in each magnetical element, 
other, and no sign of magnetism is ex- should, nevertheless, be capable of pro- 
hibited. If we next suppose these fluids ducing mechanical effects so conside- 
to be subjected to the action of mag- rable as those exhibited by the magnetic 
netizing forces, proceeding from one or attractions and repulsions of bodies. By 
more centres, situated in the line of the applying to the subject the methods of 
axis of the needle produced, these analytical investigation, Poisson arrived 
forces will now cause the fluids to sepa- at the conclusion, that the result of the 
rate from each other ; but each particle action of all the magnetical elements of 
of austral or boreal fluid can, by the hy- a magnetized body is a force equivalent 
pothesis, move only a very short distance to the action of a veiy thin stratum, co- 
from its primitive situation ; and the vering the whole surface of the body, 
two fluids, in their new arrangement, and formed of the two fluids, the austral 
will succeed each other alternately, and the boreal, occupying different parts 
throughout the length of the needle, of it. We have a similar instance in the 
which will, accordingly, be divided into case of electrical attractions and repul- 
very small portions, composing a series, sions of mechanical effects, sometimes 
eacn part of which will contain, as it did very powerful, being produced by strata 
in the neutral state, the two fluids in of fluids collected at the surfaces of con- 
equal quantities. The united actions of ductors, and having a thickness so ex- 
every particle of decomposed fluid in ceedingly minute as to be inappreciable 
this series upon a particle of magnetic by any of our senses. As these observed 
fluid in any particular situation, compose effects of the two magnetic agents result 
a resultant force, the intensity and di- only from the differences of two con- 
rection of which remain to be deter- trary powers, we can form no estimate 
mined by the application of mathemati- of the real magnitude of the forces be- 
cal analysis. longing to eaoh separate power, that is, 
(158.) We may now proceed to con- to each of the two portions of austral or 
sider the more complicated case of a boreal fluid belongmg to the same mag- 
magnetized body of indeiermmate form netic element ; but can only infer that 
and dimensions. Attention must here be they are incomparably greater than the 
paid to the lines or directions in which resulting forces which are actually in 
the separation of the two fluids takes operation, and of which we witness the 
place throughout its substance, and effects, 
in which they are arranged alternately, (1^9.) In the memoir on the Theorv 
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of Magnetism, already referred to, M. account, it will then be sufficient for the 
Poisson deduces, from the theory above magnetic equilibrium that the resultant 
stated, the analytical equations which of all the exterior and interior forces, 
express, for all possible cases, the laws acting upon any point of the body, no- 
of the distribution of magnetism within where exceeds the given magnitude of 
bodies that are rendered masfnetical by the coercive force : so that, in this case, 
induction, and those of the actions, whe- the equilibrium may take place in an 
ther attractive or repulsive, which they infinitude of different ways, and the 
exert on points given in position. The problem is, in this respect, wholly inde- 
iirst problem to be resolved is to reduce terminate. This indeterminateness is a 
the resultants of all the attractions and source of considerable difficulty in the 
repulsions of the magnetic elements of resolution of questions of this nature, 
a magnetized body, of any imaginable The following general consequence, 
form, on such points, situated either however, may be deduced from the 
within or without the surface, to three equations of magnetic equihbrium 
directions at right angles to one another, formed in the manner above described ; 
By adding to the resultants which relate namely, that although in a solid body, 
to any interior point those of the ex- magnetized b)r induction, the austral 
ternal magnetic forces which act upon * and boreal fluids are distributed in an 
the body, he obtains the whole forces active state throughout the whole mass 
which tend to separate the two fluids of that body, yet the attractions and re- 
that are united at that particular point, pulsions which it exerts externally are 
Were the matter of the body to oppose precisely the same as if they proceeded 
no sensible degree of resistance to the from a very thin stratum of each fluid, 
displacement of the fluids in each mag- occupying the surface only, both fluids 
netic element, or, in other words, if there being in equal quantities, and distributed 
were no coercive force, it would be ne- in such a manner as that their total ac- 
cessary, in order that there might be an tion upon all the points in the interior 
equilibrium, that the attractions and re- of the body is equal to nothing. If the 
pulsions should destroy one another ; or, body be hollow, or contain an empty 
speaking algebraically, that their sura space within it, and if the centres from 
should be equal to zero; since, if any of which magnetic forces proceed be situ- 
them were uncompensated, they would ated within this space, the body must 
efi*ect a new decomposition of the neutral be considered as terminated by two thin 
fluid, which may be regarded as inex- strata of fluid, situated, the one on the 
haustihle, and the magnetic state of external, and the other on the internal 
the body would be altered. The sum of surface ; and the action of these two 
the resultants must, therefore, be made strata on any point within the substance 
equal to zero, with respect to each of the of the body, joined to that of all the 
three rectangular directions to which given centres of magnetic action, must 
they are referred. The equations of produce a perfect equilibrium; and, in 
equilibrium, thus formed, will always be this case, the two fluids may be in diffe- 
possible, and they will serve to deter- rent quantities in each of the thin strata,* 
mine, for each point of a magnetized provided that they be always in equal 
body, the three unknown quantities quantities in the two surfaces taken 
which they comprehend; namelj^, the together.. 

intensity of the action of a magnetic ele- (161.) Thus it appears, that the 
ment on a given point, and the two an- theory of magnetic attractions and re- 
gies which determine the corresponding pulsions is reduced to the same princi- 
direction of the line of polarity. At the pies, and leads to the same formulae, as 
extremities of each element, these joint the theory of electric forces in conduct- 
resultants will not vanish ; they will ing bodies ; and the perfect correspond- 
give rise to pressures from within each ence between the two may be illustrated 
element, tending outwards, and counter- in the following manner. We may sup- 
balanced by the obstacle, of which the pose an aggregate mass composed of 
nature is unknown, but which opposes minute grains of metal, or other con- 
the passage of the fluid from one ele- ductor of electricity, each grain being of 
ment to another, and also its escape from so small a size that its dimensions may 
the surface. be neglected in comparison with the 
(160.) When the coercive force of whole mass, and each being surrounded 
the magnetized body is also taken into by a substance impermeable to electri- 
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city, but not sensibly adding to its bulk, tained in this case, it appears that at 
On bringing a body thus constituted near though the magnetism is by no means 
an electrified body, every one of the confined to the superficial strata of 
grains would immediately become elec- the sphere, and although its intensity 
trical by induction; and, m this condition may be determined for any particular 
of the body, it has been mathematically point of the solid mass of the shell, yet the 
proved that the attractions and repulsions magnitude of the three component forces 
which the body would exert externally, produced by it is wholly independent of 
would be the same with those of a ho- the thickness of the shell, and is deter- 
mogeneous conducting body of the same mined only bv the radius of the external 
form and size, subjected to the sam'e ex- surface, and by the co-ordinates belong- 
temal forces : although, in the latter ing to the position of the point on which 
case, the two electric fluids would be the forces act. When the distance of 
transferred to the opposite extremities this point from the centre of the sphere 
of the body, while, in the former, they is very great, compared with the radius, 
would be obliged to remain in the con- each of the three forces is very nearly as 
stituent masses to which they originally the cube of the radius directly, and as 
belonged. An electrical body, consti-^ the cube of the distance inversely. We 
tuted in the manner here supposed, pre-' shaH have occasion, in a future chapter, 
sents us with a disposition exactly analo- to notice the remarkable coincidence of 
gous to that of a raagnetical body ; and the results of observation with the de- 
is therefore calculated to give us a very ductions from this theoiy, affording, a 
distinct idea of the distribution of the very important confirmation of the ac- 
mngnetic fluids when that body is mag- curacy both of the analysis itself, and of 
netized. The electricity inherent in the the theory from which it is derived, 
ourmaline appears to be disposed in the (164.) In a subsequent memoir*, M. 
manner above described ; and this stone Poisson extends his researches so as to 
accordin&^ly affords an excellent illus- obtain a more diversified comparison of 
trat ion of the hypothesis under our con- the theory with the phenomena; and 
sideration. See Electricity, J 197. with this view resolves the general equa- 

(162.) Another general consequence tions he had before established, in the 

of the theory is, that a magnetic needle, case of bodies having forms less simple 

placed in the interior of a hollow sphere than that of the sphere. Such a resolu- 

of soft iron, and so small as not to exert tion, hovvever, is attainable only in a very 

any sensible influence on the sphere, will limited number of cases, of which the 

not be subject to any magnetic action elliptic spheroid is an example. After 

from a magnetic force proceeding from giving the formulse relating to a spheroid 

a point external .to the sphere ; or, in of which the axes have any imaginable 

other words, all magnetic action, whe- relations to each other, he particularly 

ther of the earth or of any number of considers the two opposite cases of 

magnets placed without the hollow spheroids extremely flattened and ex- 

•phere, will be completely intercepted by tremely elongated. The former may re- 

the sphere with reference to all magnetic present a plate, of which the thickness 

bodies contained in its interior. And varies very slowly near the centre, and 

conversely, such hollow sphere will decreases from the point to the circum- 

totally prevent the action of a magnet ference ; for its action on points near its 

placed within it from being exerted on centre must be sensibly the same as that 

any body placed without the sphere. of any other plate of uniform thickness 

(163.) The formulae derived from this and of very great extent. The latter, or 

theory have been applied by Poisson to the extremely elongated spheroid, ap- 

another case, which, as we shall after- proaches very nearly to the form of a 

wards find, is one of considerable prac- needle or bar, of which the diameter 

tical importance in navigation, namely, decreases from the middle to the extre- 

that of a hollow sphere of iron, magnet- mities, varying at first very slowly ; and 

ized by the influence of the earth, that its action on points near its middle can 

is, by the action of a force of which the differ but little from that of a bar of 

origin is very remote, and which may, which the diameter is constant, and very 

therefore, be considered as uniform in small in proportion to its length. The 

magnitude, and acting in parallel direc- consideration of these three cases, which 

tions on all the points of the body in readily admit of the application of the 

question. From the resolution of the analytical formulae, is of considerable 
equations of magnetic equilibrium ob- . * Memuiresdcrjitstuut, tome v., p. 481. 
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importance, as they allow ot a strict 
comparison of the results of ex|)eriment 
with the deductions from theory ; and 
the accurate accordance which has been 
obtained between them, in every instance 
in which such a comparison has been 
instituted, affords the strongest evidence 
of the correctness of the views on which 
that theory is founded. 

(165.) it has already been observed 
that we have no data for determining 
the question as to the size of the mag- 
netic elements, compared with that of 
the constituent molecules : we know not 
whether they are coincident with these 
molecules, or whether they occupy only 
the interstices between the molecules : 
neither can we deteirmine whether they 
do not actually comprehend certain de- 
finite aggregates of molecules, or whe- 
ther they are constituted in the intervals 
of these aggregates. All that we can 
be certain of is, that the sum of all the 
magnetic elements, added to the sum of 
all the unmagnetic elements (that is, the 
spaces, whether occupied by matter or 
not, which are devoid of magnetic fluid), 
must together make up the total appa- 
rent volume of the body under conside- 
ration. Now the ratio between these 
two suras may vary, not only in different 
kinds of bodies, but also in the same 
body, in different circumstances. It 
may, for instance, be very materially af- 
fected by changes of temperature ; and 
this consideration will probably furnish 
a key to the explanation of many of the 
anomalous appearances we have already 
had occasion to notice in $ 49. 

(166.) The hypothesis of two mag- 
netic fluids was first propounded by 
Wilke and Brugmann ; but the first resd 
foundations of the theory were laid by 
Coulomb, who, by the exercise of sin- 
gular perseverance and sagacity, pre- 
pared and established all tlie physical 
principles upon which it rests, it has 
recently occupied the attention of Pois- 
son, and appears to have received its 
last finish from his masterly hand ; for 
by applying to it the refinements of mo- 
dern analysis, this distinguished mathe- 
matician has succeeded in discovering 
formulae which represent, numerically, 
all the principal phenomena of the sci- 
ence, even in their minutest details, and 
which furnish us with a ready and con- 
sistent explanation of the physical mode 
by which they are produced.* 

* A popular view of this theory is given by Blot, 
lo a note to his French translation of Fischer's 
Physique Michanique, 4th edition, page 342. 



(167.) Professor Prevost, of Geneva*, 
has laboured to frame a theory of mag- 
netism which shall dispense with all at- 
tractive or repulsive agencies, and in 
which all the phenomena shall be re- 
solvable into the efiects of impulsion 
For this purpose he admits two magnetic 
fluids, each giving its respective polarity 
to the two ends of a magnet, and neu- 
tralizing each other by combination ; but 
adopting the hypothesis of Le Sage, as 
to the existence of another infinitely 
more subtile fluid, pervading all space, 
and giving rise by its inconceivably 
rapid movements to all the phenomena 
of gravitation, cohesion, and chemical 
attraction, he supposes the magnetic 
fluids themselves to be set in motion by 
this primary and universal a^ent. But 
it would be impossible in this place to 
engage in the development of so abstruse 
and complicated a system as this. 

Chapter V. 
Methods of making Artificial Magnets. 
J 1. General Principles, - 

(168.) The art of communicating mag- 
netic power to bodies capable of retaining 
it, is founded on the proper application of 
the principles already explained ; and 
the practical results of experience in this 
art have, as might be expected, furnished 
some of the most interesting illustra- 
tions of the theory of magnetism. We 
have seen that acquired magnetisin of 
every kind, whether temporary or per- 
manent, of which the origin can be 
traced, has been derived, by induction, 
from a similar power already existing in 
some other body. In this respect, then, 
it ditfers from electricity, which may be 
elicited from bodies all of which were 
previously in a neutral state, by a variety 
of processes either of a mechanical or 
chemical nature. But the body which 
is the cause of ma£:netism in another 
body must itself be in an active state of 
magnetism, and may be either a magnet, 
whether natural or artifi<(ial, or else it 
must be the globe of the earth itself: it 
is therefore nighly probable, that the 
magnetism of the earth is the origina] 
source of all other magnetism. This 
view of the subject excludes, of course, 
all consideration of electro-magnetic in- 
fluence,which belongs to anotheiMivision 
of the science, hereafter to be treated of. 
It will then be shewn that electricity in 

* Surl'Origine des Forces Magn6tiqaes. 8vo. 
Geneve, 1786. 
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motion is a source of majB^etism, and respect, should be provided. We have 

that strong grounds exist for the belief, already seen that a certain degree of 

that even the magnetism of the earth has magnetism may \ye given to each of these 

its origin in electric currents circulating bars by a' few blows with a hammer, 

round the equatorial regions. while they are held in a vertical position 

In giving an account of the methods ($ 6). This effect results, as we have also 

of procuring artificial magnets, we shall seen (( 107), from the direct inductive 

begin with tiiose which depend solely on* power of the earth. But the eflScacy of 

this source of magnetic power, and which this power will be very considerably in- 

would enable us to obtain them if we creased, if it be combined with the in- 

were unprovided with any instrument ductive influence of other masses of iron 

previously magnetized. placed near it, or in contact with it : not- 

(169.) The success of every plan that withstanding the iron itself, which thus 
can be put in practice for obtaining ftdds to the effect, derives its own power 
magnets must depend on two circum- from the same source, namely, the mag- 
stances : first, the efBcacy of the indue- netism of the earth. Thus, Mr. Scoresby 
tion; and, secondly, the fixation of the found that a steel bar which acquired a 
magnetism that has been induced. That feeble magnetism by being hammered 
equality and temperament of steel whioh vertically when resting upon stone or 
is most favourable to the former, is least pewter, received a considerable accession 
favourable to the latter of these objects ; of power when subjected to the same 
but various methods may be devised degree of hammering while it was placed 
which shall answer both these intentions, upon a parlour poker, also kept in a ver- 
The particular purposes intended to be tical position. The poker, under these 
answered by the magnetic instrument we circumstances, became strongly mag- 
arjB constructing, will frequently deter- netic, and in this state exerted upon the 
mine our preference of one or other of bar a much more powerful inductive in- 
these methods, as well as guide us in the fiuence than the earth alone could have 
choice of the material to be used, and of done. Hence the magnetism of an iron 
the form and dimensions to be given bar, although temporary and dependent 
to it. on position alone, may serve as a very 

(170.) Magnetism is most readily com- /important auxiliary in the development 
municated to an unmagnetic bar of iron of the magnetism m steel bars, which is 
or steel by means of certain combina- cai)able of being permanently retained, 
tions of steel bars already magnetized This is, in fact, the ^at pnnciple on 
to saturation, which combinations may which the art of makmg artificial mag- 
be regarded as highly-charged magnetic nets of high power is founded, 
batteries ready for action, tfnd capable (178.) The effect of the auxiliary iron 
of exerting a powerful influence, in in- bar, or of the poker used in the above 
ducing magnetism, on all the iron in experiment, is greater in proportion as 
their vicinity. But an apparatus of this it is longer ; but as it would not be con- 
kind cannot at all times be commanded, venient to employ a bar of iron beyond 
nor can it at once be constructed: it a certain length, the magnetizing process 
must be the result of a long preliminary may be continued by the aid of a still 
process, of which the object is to impart more powerful auxiliary, namely, very 
to each single bar additional quantities long bars of soft steel. Mr. Scoresby 
of magnetism, until it has acquired, by provided himself with two bars of this 
gradual steps, the full measure it is description, thirty inches long, and one 
capable of retaining. We shall first, inch broad ; and also with a large bar of 
then, point out the methods of mag- soft iron. This iron bar was first ham- 
netizing those bars which are to com- mered in a vertical position. It was 
pose the apparatus or battery just men- then laid on the ground, with its acquired 
tioned. south pole towards the south, and upon 

i 2, Method by Percussion, ^^^\ ®"^ ^^^^ t!^.? It^^ ^^^^\ ^^rs were 

^ made to rest while they were hammered; 

(171.) The most advantageous form they were also hammered upon each 

for the steel bars that are to be employed other. On the summit of one of the 

for this,purpose, is that of a rectangular large steel bars, each of the small bars 

prism, of which the length is about ten (which were eight inches long, and half 

times the breadth, and about twenty an inch broad), held also vertically, was 

times the thickness. Six or eight bars hammered in succession. In a few mi- 

of this kind, and of equal size in every nutes they had idl received considerable 
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magnetic power. He then had recourse 
to other methods, of which we are pre- 
sently to speak, for still further increas- 
ing their power, till they were saturated 
with ma^Tietism. 

(a73.) It may here be remarked, that 
in this, as well as in every other method 
forprocurins: artificial magnets, we ad- 
vance only by successive steps, gaining 
a little additional power by each suc- 
cessful process, and employing that 
which has been acquired by one bar 
in contributing to the increase of 
the power of another; while this in 
its turn gives us the means of re- 
acting upon the first. This we are 
enabled to do in consequence of the re- 
markable circumstance attending the in- 
duction of magnetism, and to which we 
have already adverted ($ 23), namely, 
that the power of the magnet which ex- 
cites magnetism in another body, is it- 
self increased, instead of being diminish- 
ed, by such excitation. Hence, by pro- 
per management, the power of the seve- 
ral parts of the apparatus is capable of 
continual increase, limited only by 
their capacity for receiving and retain- 
ing magnetism. 

(1 74.) After having in this way mag- 
netized, by the help of terrestrial mag- 
netism, a certain number of steel bars, 
we may proceed with them in imparting 
magnetism to others ; and being thus 
provided with a stronger power, may, in 
our subsequent operations, dispense 
with that which we Rad at first em- 
ployed. 

§ 3. Method by single Juxtaposition^ 

(175.) Simple induction by juxtapo- 
sitiori with one or more powerful mag- 
nets may suffice for the impregnation of 
very small magnets. But, for this pur- 
pose, it is not sufficient to place the latter 
in contact with one of the poles of a 
magnet, in the manner represented in 
the following figure (fig, 42) ; be- 

Fig,A2, 



cause, although the small bar or needle 
becomes magnetic by remaining a suffi- 
cient time subjected to the influence of 
the large magnet, yet we find that its 
two ends do not exhibit a magnetism of 
equal strength. That which has been in 
contact with the magnet appears to be 
the most powerful, in consequence of its 
magnetism bein^ more concentrated at 
the very extremity ; while in the re- 



moter end it is nibre diffused and there- 
fore less enenKetic. This inequality is 
in a great measure remedied by em- 
idoying two magnets of as nearly equal 
power as possible, with their dissimilar 
poles fronting each other, and placing 
the needle to be magnetized in a line 
between them; as shown in fig, 43. 

Fig. 43. 



The effect of such a combination is 
always more than twice as great as 
that of each of the magnets when em- 
ployed singly. It is difficult, however, 
even with every precaution, always to 
avoid the supennduction of consecutive 
poles in the intermediate parts of the 
needle. 

(176.) The. principle we have already 
referred to, of the increase of power 
which a magnet acquires by inducing 
ma^etism on other bodies, may here 
again be applied in augmenting the in- 
fluence of the magnets we employ in the 
preceding case. If a long bar of soft 
iron be applied to each of the poles of 
these magnets which are most distant 
from the needle to be subjected to their 
action, the power of the magnets will be 
greatly augmented. A more convenient, 
and perhaps equally efficacious method, 
is to place the magnets A and B, parallel 
to each other {fig, 44), while the small 




bar C, to be magnetized, is in contact 
with the two dissimilar poles at one 
end ; and to unite those at the other 
end by a bar of soft iron, R. This bar 
becomes strongly magnetical by the 
joint induction of both the ma^ets, and 
the magnetism it thus acquu-es reacts 
powerfully in strengthening the magnets 
themselves ; and the needle which con- 
nects their other poles participates in 
this augmentation of effect. These 
auxiliary pieces of soft iron, which serve 
to retain and concentrate the magnetism 
of steel bars, are called armatures. 

(177.) Were the theory of -^pinus, in 
its original form, perfectly correct, no- 
thing more would be required for im- 
pr^nating steel bars with all the mag- 
netism they are capable of receiving than 
following the methods we have noyi 
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pointed out. But we have seen reason which it is first applied will first become 

to conclude that this theory can be ap- a south pole, and the portions at a little 

plicable only to the minutest individual distance from that end will acquire an 

particles of which magnetic bodies are equal degree of northern polarity. But 

composed, and that a magnet should as the magnet advances along the bar, a 

really be viewed as an aggregate of an similar change will be induced in each 

indefinite number of minute magnets, successive particle of the surface which 

This consideration cannot but have an it approacnes and touches; that is, 

important influence on the art of impart- each particle will now be converted into 

ing magnetism to such an aggregate; a south pole, although it had before been 

as it wiU lead us to ap|>ly our means to rendered a north pole. In as far as this 

effect, as far as it is in our power, a takesplace,therefore, the advance of the 

change in the magnetic state of each magnet reverses th|i effect it had at first 

portion of the aggregate. The greater produced. In lilde manner, the mag- 

ihe proximity of the pole of the magnet net has no sooner quitted the end to 

which is to effect this change, to the which it was first applied, than it tends to 

part in which the change is to be pro- induce in it the northern polarity, at the 

duced, the greater will be the effect same time that it renders the part which 

produced. Agreeablv to this view of it then touches, a south pole. The same 

the subject, we shall succeed in con- succession of changes, and reversal of the 

verting a steel bar into a magnet of magnetism of each pai-t, takes place 

greatest power, by subjecting every part during the whole of the progress of the 

of the surface of the bar successively to magnet along the bar, with the excep- 

the contact of the magnetizing pole, tion of the end which it touches last. It 

Let us trace the consequences of the leaves this end of the bar in the state of 

practical application of this principle. a south pole, while the other end re- 

« ^ w ^L jr ^L o- 1 m 1, mkins a north pole. The intermediate 

$ 4. Method by the Single Touch. p^rts may be considered as constituting 

(178.) One of the earliest methods a series of small magnets, with all their 
which was employed for giving ma^et- north poles turned towards A, and their 
ism to a bar C {flg, 45), was to lay it flat south poles towards B. 

2^,Vg. 45. (179.) However conformable to the- 

®* * ory this method of magnetizing may 

appear to be, experience shows that it is 
very little superior to that by simple con- 
tact. It has also, like that method, the 
disadvantage of frequently producing 
consecutive poles ; and these more es- 
pecially occur when the bar to be mag- 
netizea is of some length, or consists of 
very hard steel. They are aJso very 
on a table, and placing an artificial mag- readily produced if care be not taken to 
net, M, on one of its ends, A, and at right prevent the magnet from resting for a 
angles to it, to slide it along the surface longer time on some portions of the bar 
of the bar till it arrived at the other end than on the rest ; for in this case the 
B; and then, lifting it cautiously to a suffi"- poles are multiplied very much in the 
cient height to render its inductive influ- manner stated in a former chapter 
ence insensible, to bring it down again ($ 30, 3 1 ) ; a pole of one kind being formed 
to its former situation, and renew the at the point where the contact has been 
operation. This was repeated several too long protracted, and two others of 
times on each of the surfaces of the bar, the contrary denomination in the imme- 
the pole of the ma^et being always diate vicinity. 

passed in the same direction, and the (180.) A singular circumstance cha- 
same pole employed. racterizes this method of magnetizing by 

It IS evident that when the mag- touching, as it is called. If, after a bar 
net is first applied to the end of the has been impregnated with as much mag- 
bar, it will induce in that end a po- netism as it is capable of receiving by 
larity of the opposite kind to that of this method from a strong magnet, an 
the pole N of the magnet which is in attempt be made to increase the effect 
contact with it Let us suppose, for the by renewing the same operation upon 
convenience of explanation, that this is the bar with a weaker magnet than 
a north pole ; the end A of * He bar to the one that was first employed, the 
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immediate result is a loss instead of an jPig, 46. 

augmentation of power; and the bar < — — > 

remains only magnetized to a degree ^ ^ i >^ ^^^ ^^ 3 

corresponding with the lesser power of ' ' ^^^^^^ ■ ■ ■ ■ '* 
the last magnet by which it has been c 
touched. The reason of this will easily p^int of junction of the magnets shall be 
be umderstood, when we consider that Immediately over the middle of the bar. 
the first effect produced by the second xhen separating the magnets, by draw- 
magnet IS. to reverse the poles which w t^em opposite ways in the direction 
akeady exist in the bar, and afterwards ^f their length as far as the extremities 
to induce the same kind of polanty ; of the small bar, they are next to be re- 
hut this last effect it can produce only ^oved to a considerable distance, and 
m a degree corresponding to its own again joined; and afterwards laid a se- 
strength. It therefore destroys, during ^ond time on the middle of the bar, in 
the former part of the operation, more the same manner as at first. This ope- 
than it can supply in the latter. nation is to be repeated several times on 

The only exception which might be each of the sides of the bar. By this 

conceived to exist to this destructive ac- method, which was first practised by Dr. 

tion of a weaker magnet, would be in the q^ jvan Knight about the middle of the 

case where the latter was composed of a j^st century, steel bars could be rendered 

very soft material, so that the magnetism much more powerfully magnetic than by 

of the bar was capable of affecting its any of the means before in use. 
polarity, so as to destroy it when of a (133) xhe great superiority of Dr. 

similar kind to the part of the bar with Knight's method is owing, not merely 

which it came m contact, and convert it to the circumstance before noticed— that 

into an opposite polanty. each pole of the magnets acts only upon 

(181.) An attentive consideration of that half of the bar which is intended. to 
the stages of the process we have detailed, receive a magnetism of an opposite kind, 
will show us that the destructive opera- and that its inductive effect on the other 
tion of the second magnet is produced half has never to be destroyed,— but 
chiefly in the first half of the bar ; for also to the inductive influence of the two 
if the weaker magnet were first applied poles being combined together during 
to the middle of the bar, and then made the whole of the operation. In every por- 
to slide on to the end in the same du-ec- tioVi of the bar which lies between the 
tion as before, over the latter half, its two poles of the magnets that are thus 
effect on the first half would only tend applied, their influence conspires tp in- 
to strengthen the polarity already im- duce the kind of magnetism that it is 
pressed upon it. Nor would there, in desired to produce. In those portions 
that case, be any injurious effect pro- of the bar, indeed, which lie on the other 
duced if the second magnet were suffi- sides of the poles of the magnets, they 
ciently soft in its texture to admit of oppose each other: but it will be per- 
having its polarity changed by the mag- ceived that their effect is here only that 
netism of the bar. This consideration resulting from the difference of their re- 
leads us to another important stage in spective influences ; while, in the former 
the progress of improvement in the art case, when they act upon the interme- 
we are studying. diate portions, it is as the sum of that 

influence. The superiority of the com- 

$ 5. Dr. Knight's Method, bined influence is even greater than the 

(182.) This improvement consists in united powers of the single magnets, as 

employing two magnets in the same we have already had occasion to point 

operation, applying two dissimilar poles out. 

of these magnets each to a different half * c n..k .^^p^ tut ti, ^ 

of the bar to be impregnated, and con- * ^- Duhamets Method, 

fining its action to that portion of th« (184.) If the magnets employed be 

bar, which of course should be much large and powerful, and the bars very 

smaller than the magnets. For this pur- short and slender, it is easy, by the pre- 

pose the two magnets are to be joined ceding method, to magnetize them to 

lengthwise, with their dissimilar poles in saturation. Soon after the pubUcation 

contact, and laid on the bar to be magne- of Dr. Knight's method, small bars thus 

tized, in the manner represented in y^. magnetiaedvere distributed over Europe^ 

46, where A and B are the magnets, and and were eagerly sought after by the cul 

C the bar to be magnetized ; so that the tivators of natural philosophy. It was 
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soon found, however* that the attempt to (186.) It is evident, that in an far as 
magnetize bars of a greater length by the magnets exert their conjoined influ* 
this process was gener^Iy less successful, ence on the portions of the bars that lie 
or at least failed in giving to them all the between them, and act only upon their 
power of which they were susceptible, respective halves of the bars, the method 
Philosophers therefore renewed their ef- of Duhamel possesses all the advanta^s 
forts to devifse methods of greater and of that of Dr. Knight The combination 
more universal efficiency. M. Duhamel, of many separate magnets in each bun- 
of the French Academy of Sciences, in die, however, gives them ^ater power 
conjunction with M. Authcaume, at in operating the requisite mductions — a 
length devised the following plan, which power, indeed, which appears to be con- 
was found to succeed even with bars of siderably greater than that which a sin- 
considerable dimensions. gle magnet of the same size as that of 
(185.) He first laid the two bars of the combined magnets would possess, 
steel intended to be magnetized, and But the principal improvement in Du- 
which were made of equal length, paral- hamel's plan consists in the disposition 
lei to each other, C D (see fig. 47), and of the bars in a parallelo^m in con- 

j^v 47. junction with connecting pieces of soft 

iron, which, acting as armatures, afford 
an advantage of a similar kind to that 
already explained in § 1 76. In propor- 
tion as the steel bars acquire magnetism, 
these connecting pieces partidpate in the 
acquisition of a similar power, and serve 
to retain it in the bars themselves ; just as 
the electricity which is imparted to the 
inner coating of a Leyden jar is retained 
. - ^, . . .^. , ^ by the reciprocal influence of the in- 
connected their extremities by two juced and contrary electricity of the 
shorter bars of soft iron, Rr. so as to outer coating. The magnetism of the 
form altogether a right-angled parallelo- bars is retained by a similar influence, 
gram. Then taking two parcels of bars and greater facUity is thus afforded to 
already magnetized, M m, the separate increase its amount by the subsequent 
bars of each parcel being placed with additions it is receiving from the action 
fheir respective poles m the same direc- ^f ^^g magnets as they pass along the 
tions, and firmly tied together, he brought surface. ^ r -o 
the poles of opposite kinds, N, S, into ' - , , , -^ , , «, 
contact over the middle of one of the J 7. Method by Double Touch : 
steel bars forming the parallelogram. Process of Mitchell. 
giving them a certain inclination to the (187.) While Duhamel was endea- 
bars as seen in the figure. The angle vouring to perfect his method in France, 
they formed with each bar was generally the same object was occupying the at- 
about forty-five degrees, so that they tention of experimental philosophers in 
formed with each other a right angle. England; and much about the same pe- 
Then separating them from each other, he riod new processes for magnetizing bars 
made them slide gently, and with an equa- were invented by Mitchell and by Canton, 
ble motion, towaras the extremities of the (188.) Mr. Mitchell, of Cambridge, 
bar. This operation was repeated on the published his improved method in 1750. 
same bar as often as appeared requisite. He employed two parcels of strongly 
The inclined parcels of magnets were magnetized bars (M m, ^. 48), joined 
then taken to the opposite bar of the pa- p^^ ^g 
rallelogram, and applied to them in the ^'- 
same manner; taking care, however, to m 
reverse the disposition of the poles pf the 
magnets, so that the side on whicn the 
north pole was placed in the one case, 
was occupied by the south pole in the 
other. After the bars had been rubbed in a manner similar to those above de- 
sufficiently on the one side, they were scribed, and placed them parallel to each 
turned on the other side, and the same other, but with the poles of each parcel 
oi>erations repeated on them in that situ- reversed, leaving between the two par- 
ation. . eels an interval of about a quarter or a 
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third of an inch. He then arranged a one another. The latter of these forces, 
number of equal steel bars (A, B, C, D, therefore, will never have sufficient 
E) in a straight line, and made one extre- energy to destroy, or even much di- 
mity of the conjoined magnets slide at minish, the effect which had been pro- 
right angles over the line of steel bars, duced by the former ; and thus the 
He did not, however, limit himself to one magnetism of each portion receives con- 
direction, but moved them backwards and tinual accessions of strength every time 
forwards the whole length of the united the magnets are made to pass over it. 
sur&ces of the bars ; repeating the op^ The long line of bars operates in a man- 
ration on each side until he had obtained ner similar to the pieces of soft iron at 
as great an effect as possible. , the extremities of those in the paral- 

In order to equalize as much as pos- lelogram of Duhamel — that is, the ex* 

sible the magnetic power of the two ends ternal bars act as armatures to those 

of each bar, it is expedient to commence which lie between them ; and hence may 

each operation b^ laying the conjoined be understood why these intermediate 

magnets on the middle of the line of bars, bars receive the strongest impregnation, 

and to pass the magnets ^ver each half (190.) The different processes for 

of the line an equal number of times; communicating magnetism which we 

at the conclusion of which, the majgnets have now described, comprise all those 

being brous:ht again to the middle, methods that are essentially different in 

they should be raised perpendicularly, their principle; all others which have 

so as not to disturb the lateral effects been proposed may be regarded as va- 

which had been produced. Mr. Mitchell rieties merely in the combinations of 

found that the steel bars B, 0, D, which which these principles are susceptible, 

were intermediate in the series, acquired We shall only, therefore, notice those 

by this process a very great degree of which have been most in repute, 

magnetic power. Those which formed (191.) Mr. Canton published, in 1751, 

the extreme bars of the series A, D, were a method which he considered as su- 

much less impregnated ; but by remov- perior to any of those previously em- 

ing them from this situation, and trans- ployed. He placed the bars intended to 

ferring them to the middle of the series, ^ be magnetized so as to form a parallelo- 

and then repeating the same operations, gram with connecting bars or arma- 

they quickly acquired the same degree tures of soft iron, as in the method of 

of magnetism as the rest. Duhamel. He then had recourse to the 

089.) The process above described, method of double touch as prescribed 

which soon, acquired much celebrity, by Mitchell ; after which he separated 

was called the method by double touch ; the two bundles of ma^ets, and in- 

and it is asserted by its inventor, that dlining them to the bars m contrary di- 

two magnets will impart more magnetic rections, as Duhamel had done, he com- 

power to a bar of their own size, when pleted the operation by making theril 

employed in this peculiar mode, than a slide from the middle towards the extre- 

single magnet of five times the strength mities. The combination of these two 

of the former, when applied . after the processes was considered by Canton as 

manner of the single touch. The opera- an improvement upon the method ot 

tion of the two poles of the conjoined Mitchell. There is, however, great rea- 

parcels of magnets on those portions of son to think, as Coulomb and Biot 

the bars over which they pass will readily have remarked, that these successive 

be understood from what has been said operations are quite superfluous, and 

with respect to the methods of Knight that the bars are left at the end of them 

and Duhamel. They act by the sum of precisely in the same state as if only the 

their inductive powers on those parts last had been employed. 

of the bar that are situated between , q a?^^..^^^^ njr^4kr.yt 

them, but with the difference of those * ®- Mptnm s Method. 

powers on all those parts which lie be- (192.) i^pinus introduced modifica- 

yond them ; and the former is therefore tions into tne process of the double 

always greatly more efficient than the touch, of greater importance and much 

latter. The superiority is the more con- more judiciously conceived. He first 

siderable in the present case, inas- formed the parallelogram of steel bars 

much as the magnets are nearer to each in the manner of Duhamel ; but in place 

other, and therefore act with much of the auxiliary cross bars of soft iron, 

greater power when they co-operate, but he connected the ends of the steel bars by 

are nearly inefficient wnen they oppose means of other steel bars which had pre- 
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viously been rendered powerfully mag- when it will be seen, by the manner in 
netic. He next placed the two compound which the filings arrangfe themselves 
magnets end to end, with t heir dissimilar that the neutral point of the bar does not 

Eoies adjoining each other, but separated occupy the exact middle of the bar, but 
y a small piece of wood (^J^. 49), is sensibly nearer to that end to which 

the magnets used in the operation of 
Pig. 49. ^ touching it had been last applied. 

In the second place, magnets formed 
by the process of i^pinus are much more 
liable to have consecutive poles than 
those obtained by Duhamel's process ; 
and this is especially the case if the 
magnets are of some length. These 
consecutive poles, which are irregularly 
formed in various parts of the magnet, 
which kept them asunder for a short are, it is true, in general extremely 
space ; and then, inclining them so that feeble ; but still they must always im- 
they formed a veiy obtuse angle with each pair very considerably the directive 
other, he placed them on the middle of force, which becomes a very serious 
one of the steel bars, and, without sepa- objection when the magnets are intended 
rating them, made them slide backwards for compass-needles. The inequality of 
and forwards along the surface of the strength or of difiPusion of the two 
bar ; repeating the operation, with the principal poles is also disadvantageous 
usual precautions as to the direction of with a view to the same object Hence 
the poles, on the other bar, and on both the process of Duhamel will always be 
sides of each. found preferable for the construction of 

With regard to the position of the compass-needles ; while that of i^pinus 
magnets, it is evident tnat this process is more serviceable when it is wished to 
is analogous to that of Duhamel ; but obtain a very considerable magnetic 
as the magnets, during the whole time power in large bars, for the purpose of 
they are rubbed upon the bars, are kept batteries, or other magnetic combina- 
in the same relative situation with re- tions, where it imports little whether 
spect to each other, their operation de- the neutral points bie exactly coincident 
pends upon the principle of the double with the centres of each individual piece, 
touch peculiar to Mitcheirs process. . ^ Coulomb's Process. 

iEpinus tried different angles of inclma- ^,„.5rru a* t- e utt n i i 
tion for the magnets, with a view to (194) The attention of M. Couloral), 
discover that which gave the greatest ?l>^^y d»stmguished by his researches 
effect; and concluded that the maximum m electricity, was engaged ^r a con- 
of eff^t was obtained when the mair- «derable penod m perfecting the art of 
nets made angles of fifteen or twenty ma^^^g magnets; and his numerous 
degrees on each side with the steel bar communications to the French Academy 
on which they were to act. and Institute contam a great mass of 

(193.) When an inquiry was insti- valuable observa.tions on this subject, 
tutedastothecomparativeefficacyofthe Some of the results of his experiments 
methods of Duhamel and of iEpinus, the are given by Biot, m his "Traill de 

latter was found to possess this advan- Physique. 

- - - - (195.) The magnetic apparatus for 

' aswe 
_ _ that 

Them^ver posVess ^ no "great "^ power," r'hich is fixed, and applied to the bar? 

which was not the case with the process »? s"eh a manner as to act by its con- 

of Duhamel. At the same time the tinned inductive operation ; this includes 

method of iEpinus is liable to many in- JJ^e armatures of soft iron as well as he 

conveniences; in the first place, we fixed magnets that may be substituted 

scarcely ever obtain, by its means, an for them: and the second is the moveable 

equal degree of magnetic power in the magnetic bars, or combinations of bars, 

two ends of the bars to which it is ap- which are made to slide and rub over 

plied. This will appear by placing any *he bar to be magnetized. For the 

one of these bars on a table, and laying construction of the fixed part of the 

on it a sheet of paper, on which are apparatus. Coulomb employed bars ot 
i^rewed some very fine iron filings ; • Tome lu. p. 57. ' 
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steel tempered at a cherry-red heati and to each other, and uniting them by their 

from twenty to twenty-four inches in poles of the same denomination, he ar- 

length, of rather more than half an inch ransfed them into two assemblages, com- 

in breadth, and one-fifth of an inch in posed of five bars in each, separated by 

thickness. These he first mao:netized to smaJl parallelopipeds of soft iron, which 

saturation by means of other magnets projected a little beyond their extremities, 

procured by any of the tnet hods already and performecf the office of an armature, 

described ; then, placing them parallel common to the whole set (seey^. 60). 



Fig. 50. 




The moveable part of the apparatus he an equal numl)er of frictions. After the 

usually formed of four bars of steel, hist movement has been completed, 

tempered at the same heat as the pre- when the magnets will have been brousrht 

ceding, and of the sanie dimensions as back to the centre, where the movement 

to breadth and thickness, but only six-, had commenced, they are to be raised 

teen inches long. After magnetizing perpendicularly to a height sufficient to 

them as strongly as possible, he united obviate all sensible disturbance of the 

two of them by their widths, and two magnetic state of the bar, and the ope- 

others by their thicknesses, forming a ration repeated on its other side, 
packet consisting of four magnets placed C197.) Xf the pieces which compose 

as close as possible. the moveable magnets have not previ- 

(196.) In proceeding to operate with ously received all the magnetic power of 

this apparatus, the large assemblages of which they are susceptible, as will gene- 

magnets, with their armatures, are rally happen if we have not previously 

placed opposite to each other; so that the command of a sufficient apparatus 

the magnets which compose them shall for that purpose, their united powei, 

lie in the same line, with their north and when assembled in the manner already 

south poles opposite to each other, but described, will still produce in the bars 

separated by a space nearly equal to subjected to their action in the above 

the length of the bar to be magnetized, process, a degree of magnetism greater 

which latter bar is to be laid between than that which they tnemselves pos- 

the two sets of magnets, resting on the sess. We may therefore avail ourselves 

cross bars or armatui-es, for the space . of the latter of these bars for composing 

of about the fifth of an inch. Then the a new set of magnets, which will accord- 

moveable magnets are laid upon the ingly be more powerful than the former : 

centre of the bar, and inclined on each and then, obtaining by their means still 

side in opposite directions, so as to form more highly impregnated magnets, we 

with each half of the bar an angle of may again disunite them, and subject 

twenty or thirty degrees. them to the action of still more energetic 

Every thing being thus prepared, it is combinations, formed by the bars last 

at the option of the experimenter to impregnated. By the continued repeti« 

proceed according to the manner of tion of these processes, employing one 

buhamel, by drawing each packet of the set of magnetic bars alternately in raising 

moveable magnets away from the middle the intensity of those of another set, it is 

of the bar, along that half of it w hich evident that we shall finally succeed in 

lies on its own side, as far as the ex- effecting their complete saturation, 
tremity ; or, following the directions of (198.) When it is required tomagne- 

^pinus, to retain the magnets in their tize bars of very consideral^le size, C)ou- 

relative situation, by placing between lomb recommends that the moveable 

them a piece of wood or of copper, so as apparatus of magnets should be com- 

t^ keep their poles at an invariable dis- posed of a much greater number of 

tance of one quarter or one fifth of an pieces than in the instance above given; 

inch from each other, and preserving ^nd that these pieces should be disposed 

their inclinations, to slide them back- m rows, each successive row projecting 

wards and forwards from the centre to beyond the last, as shown mjig. 51 : thus 

each extremity of the bar, until each the pole of each, which generally resides 

half of it shall have been subjected to at the very extremity of the bar, will 

£ 
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of equal length ftnd thicknesn, was 8qI>- 
jected to experiment, a slight differenee 
was perceptible in the degree of magne 
tisin resulting from the different methods, 
those ofDuhamel and^pinus being the 
most efficacious. The difference was 
more perceptible when the steel was 
^.^ .^^^:.»«t,. ;» ^^*^*»M -rt»K ♦!,« ™^« ^^ * harder temper, and increased 
^TJ^^^^Ii^lll l^n Tp Ji stUlmorewhenthickerplatesofsteelwere 
bar to be magnetized, when the com- ^^^^ ^he processes of Duhamel and 

^£rfuUy conspil. in producing the ^Su^t:^^:^:ZyT.^T^ 

rtnnTvh^ ^..ri.ii.in... .^. ^.i^i k.^ power ; but when they exceed this thick- 

(W9JI Thep««netegjM»of steelbars ^ ^y^^ of yEpinus was decidedly the 

•nd wftlron should be kept firm by ^^^ efficiwious. lu the case of 'bars 

r^^' 'Il!.I.^wT At ^. ". T« ««teen inches long.oneinch broad, and 
and the extremities of the mairnetic l)ars .k„..* — tv:_i J5r •« :»„k ii.:.i, <i.- 
shoulibe perfectly cleaned. In rubbing »*^"* ""? *^ "^f" inch thick, the 

the bars. ?t is recommended by somf ?^^'^!!i*'iJ"^"tt^*' !^k^* ^^^ 

author, to apply conriderable p4ssu« ; ^Tatf SSaKere^r in S; 

but Captain Kater found increased pres- ^ *iiJ^^r „^Io J!!!? ' "* 

sure rither injurious than beneficial. P^Cw'-.^tZ K^\^«. ^.A. . 

Dr. Robison co'nceived that by weftmg .eri^ of vffie S^rimtSs^^ th^ 
thpir PYtfwnitiPQ hp nhtAinpH n crrpufpr *®"®* "* ▼aiuaoie experiments on me 

lfc;1^;^efoun1thtuL"tJtd^^^^^^ f,^*'°'d'^!^;!fi„T^l^f« S*^ 
oil between the bars oreftflv nh«triip<ed '""8. and on the mfluence of extent of 
the ^S?on of the Wnets aS w^ ^'^'^ independenUy of the mass, on 

a!o tE^ W^when the^Sst ^ecT M *•« "^^•"'* ^'^^* ^ ^^'"^ *•»«* 
Jil »h^^ I,M il.f i^it^fiJS wi "M estimated bjr means of the balance 
the thinnest gold leaf intervened. He of torsion of Coilomb. This instrument 

S ^ ^^rl nl^J^fl rZS^tUm «""»«<» ^^ « *«« «i«» terminated above 

S^in .hot. wh^K ^-1 "LZ^f r by an index at right angles to it. which 

J'^f ^ K » .w .^ere moderately po- j/ ^o^^able rouiS a ci^e cUvided into 

lished ; but that, if moderately rough, a»<rrees To the lower end of the wins a 

they acquired the first degrees of mag- ^^ |° "^ for^^ii tte ^te 

netism more expeditiously than smooth S istS^to73m«rT1^ 

bars, but did not ultimately receive so r'"^" " tw »«»jjcvuvh i;*.i«jiii«cti*. * ^^ 

strong an impregnation as the latter. instrument being adjusted so tha^ the 

^ ^ ^ needle was in the magnetic meridian 

§ 10. ComparaHve Advantagei of the ^^^^^^ ♦he wire had no torsion, the index 

dikerent Proems " ^** turned, and the wire consequently 

atjjereni rrocesses. twisted, until th& needle was made to 

(200.) An account of Coulomb*s ex- deviate 60° from its original position, 
periments on the comparative advan- The number of degrees passed over by 
tages of the different methods of mag- the index would then be the measure of 
netizing bars of different thicknesses, the directive force of the needle, 
lengths, and forms, is given by Biot in The needles to be magnetized were 
his ** Traitd de Physique." The strength right-angled parallelograms, live inches 
of each magnet was estimated by the long ; the one seven-tenths of an inch 
number of oscillations which it per- broad, and the other of half this 
formed in a given time on each side of breadth. The broadest was reduced in 
the magnetic meridian by the influence thickness till it was of the same weight 
of terrestrial magnetism. The following as the other, namely, ' one hundred and 
are some of the results of his inquiry. forty- two grains. The magnets em- 
He found that steel wires of small dia- ployed were first placed perpendicularly 
meter may be rendered magnetic to an on the centre of the needle, their oppo- 
equal degree, whether touched by the site poles being joined; their lower ex- 
method of Duhamel or of iEpinus, or tremities were then separated and kept 
even when simply rubbed with the singly asunder by placing between them a piece 
pole of a strong magnet, for in all these of wood a quarter of an inch thick, their 
oases they became magnetized to satura- upper extremities remaining in contact. 

tion. When a plate of unannealed steel ^ 

of greater width than the wires» but * iioiophicaiTransMtiou for i82i,p. 104 
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The magnets were then slid along the 
needle backvrards «nd foirwards from 
end to end, and this was repeated on 
both sides tUl it was conceited that tlie 
full effect had been produced ; and the 
directive force of the magnet thus ob* 
tained was noted. The process was 
repeated with the same apparatus, ex- 
editing that the ma^ets were separated 
at the top by a piece of wood of the 
same thickness as that at the bottoitL 
The eifPect was eonsiderablj diminished 
by this change. When the lower ex« 
tremittes of the needle were separated 
by a piece of wood to the distance of tiftlf 
the length of the needle, the upper 
extremities remaining in contact, the 
eifect wiui greater than in the first expe- 
riment. A further augmentation of 
power was obtahied when the magnets 
were joined and placed perpendicularly, 
as before, on the centre of the needle, 
and then moved in opposite directions 
from the centre to the extremities, keep- 
ing each magnet perpendicular to the 
needle ; afterwards rejoining them at a 
distance from the needle, replacing them 
on its centre, and thus continuing the 
operation. The needles were then mag- 
netized according to the method of 
Duhamel, the magnets being inclined at 
an angle of about forty-five degrees, and 
carried as before from the centre to the 
ends of the needle. This was attended 
with a still greater increase of effect ; 
but it was increased still furthUBrwheii 
the magnets formed with the needle ati 
angle of about twenty degrees. The 
maximum of efi^ct todc place when jhis 
angle was reduced to about two or three 
degrees; for when the magnets were 
laid flat on the surface of the needles, 
and drawn from the centre to the ends, 
the effect was not so great as in the last 
case. 

(202.) On the whole. Captain Kater 
concludes that the best modeofcommu* 
nicating magnetism to a needle, is by 
placing it in the magnetic meridian, join- 
ing the opposite poles of a pair Of bar 
tnagnets (the magnets being in the same 
line), and laying the magnets so joined, 
flat upon the needle with their poles 
upon its centre ; then having elevated 
the distant extremities of the magnets, 
so that they may form an angle of about 
two or three degrees with the needle, 
they are to be drawn from the centre of 
the needle to the extremities, carefully 
preserving the same inclination; and 
liaving joined the poles of the magnets 
at a distance from the needle, the <]pe« 



ration is 1o foe repeated ten oi twdve 
times on each surface. 

(203.) We have seen (§ 171), that 
terrestrial magnetism may be made 
available for procuring artificial magnets 
by the help of percussion ; and it now 
remains that we point out the methods 
of employing it, m the absence of all 
other magnetised bodies, in exciting 
magnetism by friction, eifther \>y tti« 
single touch or by a method ana3x)gous 
to that of Dr. Knight. 

(204.) Let the needle to Ins magnetized 
be placed horizontally in the magnetic 
meridian and fixed in that situation, and 
apply to fhe middle of it the lower end 
of a long iron bar, jei poker, for instance, 

F^. 62. Fig, 53. 





held vertically ; and immediately oppo- 
site, at the lower side of the needle, ap- 
ply the upper end of a second bar of a 
similar description to the first, as seen 
in /ig. 52. Then draw each bar, still 
kept in a vertical position, towards the 
opposite ends of the needle (Jig, 53), tak- 
ing care that the upper bar be drawn 
towards the side of the needle intended 
to be its south pole, and the lower 
bar towsi^s the intended north pole ; 
then, sepalfating the bars, remove them 
to a distance, and. bring them again 
perpendicularly to the middle of the 
needle; and repeat this cperatioh a 
sufficient humber of times on each side. 
This simple process will often, if the 
needle be small, be sufficient ib magne- 
tize it to saturation. The principle on 
trhidi it is founded is sufficiently obvious . 

$11. Canton's Proc$s». 

(205.) The process of Canton, already 
alluded to, proceeds upon the same 
principle, and does not require the pre* 

£ 2 
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vious possession of any magnet. As f he 
knowledge of it, therefore, may be of 
use to those who are not provided with 
any magnetic apparatus, we shall pre« 
sent the following outline of that part 
of it which appears to he the really effi* 
4sient process. 

(206.) Six bars of soft steel are to l)e 
provided, each three inches long, one 
<)uarter of an inch broad, and one twen- 
tieth of an inch thick, together with two 
pieces of iron, each half the length of 
one of the bars, but of the same breadth 
and thickness ; and also six bars of hard 
steel, each five inches and a half long, 
half an mch broad, and three twenti^hs 
of an mch thick, together with two 
pieces of iron of half the length, but the 
whole breadth and thickness of one of 
the hard bars. All these bars are to l)e 
marked at one end b)r a line quite round 
them, in order to distiujB^uish the poles. 
• (207.) Two bars of iron, or an iron 
poker and tongs (Jig. 54), are to be taken: 

Fig 54. 



(208.) Having magnetised four of the 
soft bars in this manner, the other two 
{Jig, 55) are to be laid parallel to each 
other, at the distance of about one 
fourth of an inch between the two 
pieces of iron belonging to them, a north 
and a south pole against each piece of 
iron. Two of the four bars that have 
been already made ma^etical are then* 
to be united, so as to make a double bar 
in thickness, the north pole of one even 
with the south pole of the other ; and the 
remaining two lieing placed next to 
these, one on each skle, so as to have 
two north and two south poles together, 
the north and south poles are to be se- 

Earated at one end by a large pin put 
etween them; they are then to be 

Fig. 55. 





the larger they are, and the longer they 
have been used, so much the l^etter. 
Let the poker be fixed upright, and held 
by the knees, and let oneof Uie soft steel 
bars, having its marked end downwards, 
be tightly fastened to it by a piece of 
sewing sUk, and held with the left hand ; 
then graspii^ the tongs with the right 
hand a little below the middle, and hold* 
ing them in a vertical position, let the 
bar be rubbed with the lower end, from 
the bottom to the top, about ten times 
on each side. This will give it sufficient 
magnetic power to lift a small key from 
the marked end, which will, of courser 
be a north pole. * 



Slaoed perpendicularly with that end 
ownwards, on the middle of one of fhe 
parallel bars— the two north poles to* 
wards that end intended to be made the 
south pole, and the two south poles tor 
wards the intended north poles. Next; 
slide them backwards and forwards 
three or four times the whole length of 
the bar, and removing them from the 
middle of this bar, place them oq the 
middle of the other bar as before di- 
rected, and go over that in the same 
manner. Then turn both the bars the 
other side upwards, and repeat the ope- 
ration. 

Having done this, remove the two 
bars from between the pieces of iron, 
and placing the two outermost of the 
touching bars in their stead, let the 
other two be the outermost of the four 
to touch these with. This process being 
repeated till each pair of bars have been 
touched three or four times over, they 
will thus acquire a considerable magnetic 
power. 

Next put together the six bars, as 
was done with the four, and touct% 
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with them two pair of the hard bars, 
placed between ttieir iron armatures, at 
the distance of about half an inch from 
one another. The soft bars mav now 
be laid aside, and two of the hud bars, 
placed between their iron armatures, 
may be ma^etized bv means of the 
otfcusr four, which should be held apart 
at the lower end, at an interval of about 
one i&fth of an inch ; to which distance 
they are to be separated after they are 
set on the parallel bar, and brought to- 
gether again after they are taken off. 
The same process as that above described 
is now to DC continued until each pair 
has been touched two or three times 
over. 

The whole of this process may be 
gone through in less than half an 
hour; and each of the larger bars, if they 
had been previously well hardened, may 
be made to lift twenty-eight troy ounces, 
or even more. Bars thus impregnated 
will give to a hard bar of the same size 
its full virtue in less than two minutes ; 
and may, therefore, answer almost every 
purpose in natural philosophy much 
better than the natural loadstone, which 
ha^ seldom sufficient power to impreg- 
nate hard bars. 

i 12. Horse-ifioe Magnets, 

(209.) Magnets in the form of a 
straight bar are less convenient when 
the action of both the poles is wanted, 
as happens in various experiments, es- 
pecially such as concern the raising of 
weights by the force of magnetic attrac- 
tion. In order to brin^ the two poles 
near each other, artificial magnetsare 
often made in the shape of a horse-shoe, 
C/^. 56,) or sometimes a more semicircu 



Fi^. 56. 




Fig. 57. 




.ar form is ^ven to them i/!g. 57). These 
horse-shoe magnets, as they are called, 
may be rendered magnetic by the same 
process as a stitight bar ; the magnets 
hy which they are rubbed being, of 



course, made to follow the curvature of 
the bar. The method of ^pinus is best 
suited for the communication of mag- 
netism to bars of this shape. 

(210.) Horse-shoe magnets, that have 
their poles Inrought very near to each 
other, are exceedingly convenient as 
substitutes for the compound ma^ets 
employed in the process of magnetizing 
by the double touch. They fu]£l, in- 
deed, all the purposes of compound 
magnets in this operation ; and if placed 
at once on the middle of the needle to 
l>e magnetized, with the poles turned in 
a Erection the reverse of that of the 
poles intended to be given to the needle, 
and then moved backwards and forwards 
along the surface of the needle, taking 
care to pass over each half of it an equu 
number of times, and repeating the same 
operation on the other side, the needle is 
speedily and effectually rendered mag- 
netic. The readiness with which this 
may be put in practice, and the absence 
of all* previous preparation, are strong 
recommendations in favour of this form 
of magnet. 

(211.) Powerful magnetic batteries 
are sometimes constructed by uniting; a 
number of horse- shoe magnets, laying 
them one over the other with all their 
poles similarly disposed, and fastening 
them firmly together in a leathern or 
copper case. 

$ 13. Preservation of MagneU, 

(212.) From what has been already 
said respecting those circumstances 
which tend to produce or to destroy 
magnetism, we may easily devise rules 
for the preservation of magnets, for, 
unless kept with care, and with the ob- 
servance of certain precautions, they 
soon lose their power. 

(213.) If a single ma^et be kept in 
an improper position,that is, one differing 
much from that which it would assume in 
consequence of the action of terrestrial 
magnetism, in process of time it l>ecomes 
gradually weaker ; and this deterioration 
is most accelerated when its poles have 
a position the reverse of the natural one. 
Under these circumstlmcies, indeed, un- 
less the magnet he made of the hardest 
steel, it will in no long' time lose the 
whole of its magnetic power. Two 
magnets may also very much weaken 
each other if they be kept, even for a 
short tinre, with their similar poles 
fronting each other. The polarity of the 
weaker magnet, especially, is rapidly 
impaired, and sometimes is found to be 
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aciaally reversed. More frequently, how« 
ever, there arises, from this opfK>sition 
of powers, considerable irregularity and 
confusion in the poles o( both magnets. 
Heat, as we have seen, impairs mas;- 
netism ; care should therefore be taken 
tQ avoid exposins; magnets to a high 

temperature. We should likewise be _ 

veiy cautious to avoid all rough and ^ 

violent treatment of a magnet ; for we of the projections need not exceed th« 

have seen how tjuickly its virtue is lost tenth of an inch; and so in proportion 

by any concussion or vibration among for larger loadstones. The thickness of 

its particles. A fall on the floor, espe* the plates, also^ must be regulated by 

ciaUy if it strike against any hard sub* the strength of the loadstone, and can 

stance, will materially weaken it: rub* scarcely be determined without previous 

bing with coarse powders, for the purfyose trial in each particular case. The best 

of polishing it, and grinding, in order to way, therefore, is to make them tolerar 

brin^ it to anv required form, are equally bly thick at first ; and then file off suc- 

injurious. A natural loadstone wiU, in eessiye layers* until we find, by aQtuai 

like manner, suffer by such an operation ; experiment on the power of the loadstone 

hence we should attempt to alter its nato- after each reduction, that we cease to 

ral form as little as possible ; and when obtain any advantage ; for the power 

it is necessary to do so, it should be increases gradually to a certain limits 

effected very rapidly by cutting it briskly at which the filing ought to be discon^ 

in the thin discs of a lapidary^s wheel. tinned. The armature of a loadstone 

(214.) Although the loadstone retains should h% fixed on it very firmly, by 

its magnetic virtue more tenaciously wires, or by an external case, which 

than any artificial magnet that can should be made of any metal which is 

be constructed, yet even this body re- not susceptible of magnetism. Load* 

quires a certain management for the stones are sometimes cut into a spherical 

permanent preservation of its power, shape, in imitation of the earth, and are 

For this purpose it should be ormet/, as then called l^rr^c^. Their armatures 

it is called; Uiat is, an armature of iron should> in that casev be adapted to the 

should be applied to both its poles. In curvature of the surface, and should 

order to do this most effectually, we each cover about a quarter of that 

must first ascertain the situation of the surface. 

poles of the loadstone ; and cutting off (216.) The addition of armatures to a 

all the superfluous parts, give it the loadstone is found to have a very favour* 

shape of a parallelopiped, having the able effect in augm^ing its strength, 

poles in the middle of two opposite sur* and this increase of strength goes on for 

faces, and at the same time taking care to a considerable time after they have been 

preserve the axis, which passes throu8:h apj^ied. But there is another, and a 

the poles, of as great a lenslh as can be still more important advantage resulting 

obtained : for it has been observed, that from them, in enabling us to direct the 

any curtailment of the magnet in the power of the loadstone, and to ccmcen- 

directioo of this line deprives it of force trate it into a small space. The polarities 

in a greater degree than when shoi-tened of loadstones are often diffused over a 

in any other direction. considerable part of their surface ; and 

(215.) Two plates of very soft iron these scattered forces could never be 

must next be provided^ equal in Inreadth made to bear upon any point on which 

to the surfaces containing the poles, and they are required to act, unless by the 

a little longer than those surfaces ; so intermedium of some substance which 

that, when applied to them, a portion of might collect and unite thenL The iron 

each plate shall project l)eyond the load* armatures supply this intermedium, 

stone to a small extent. In^. 58, Rr They receive at their expanded part the 

represents the sections c^ these iron inductive influence of all the scattered 

(dates affixed to the opposite sides of the poles residing in the surfaces to which 

iDadstone L ; and P p ths projecting they are applied ; and this influence 

pieces. These projecting pieces should being transferred to the narrow extre- 

be much narrower than the other |>Qrtion mity, is there concentrated, and acts 

of the plates. For k>adstones weighing with full effect. By this expedient also, 

letfi than an ounce, the lower surfaces the resultant forces, derived from ea^ 
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single pole* are brought near to each 
other, and their directions rendered pa- 
rallel: they are, therefore, made to 
conspire in various actions which 
require the joint operation of both 
poles, such as that c^ eliciting magne- 
tism by the double touch. The Mme 
advantages, indeed, are procured by this 
eonttru^on as we have already seen 
obtain in the case of horse -shoe mag- 
nets when compared with straight mag- 
netic bars. Thus we find that a load- 
stone which, in the natural state, would 
appear to be exceedingly feeble, will pos- 
sess, when properly armed, veiy consi- 
derable magnebc powers. 

(217.) The armature of a loadstone 
not Only contributes to «xalt its magnetic 
virtue, but also furnishes us with the 
means of preserving it uninjured. Its 
two poles, beine now transfemd to the 
extremities of the armatures, or to each 
foot of the armature, as it has been 
called, on connecting these poles, by ap- 
plying to them a bajr of soft iron, A {fig. 
58), we may effectually prevent thedissi- 

Eation of their ma^etism. This cross- 
ar performs a similar function with 
relatirm to these poles that the iron plates 
do to the loadstone itself>— it acts as a 
secondary armature ; and we find, after 
applying this bar, that the apparatus 
gradually acquires greater power up to 
a certain limit* Such therefore is the 
mode in which loadstones, when not in 
use, should always be kept, with a view 
to the preservation of tlM» powars. 

(218.) Directions of a similar kind, 
and derived from the same prineiples, 
apply also to the preservation of artiacial 
magnets. Horse-shoe magnets should 
have a short bar of soft iron i^fig* 59) 
Fig. 59. adapted to connect the two 
poles, and should never be 
laid by without having such 
a piece of iron adhering to 
them. Bar magnets should 
be kept in pairs, lying pa- 
rallel to each other, with 
their poles turned in con- 
trary directions, and the dis- 
similar poles on each side 
connected by a bar of soft 
iron; so that the whole may 
form a parallelogram as in 
fig, 60. They shoukl fit into 
A. a box when thus arranged, 

so as to guard against accidental coik- 
cussions, and to preserve them from the 
dampness of the atmosphere. Magnets 
should be polished, not indeed with a 
view to the mcrease of their magjaetism. 





but because they are then less liable io 
contract rust It is convenient that those 
ends which have the northern polarity 
should be marked with a line aJl round, 
in order to distinguish the respective 
poles in each magnet. 

Chapter VI. 

MagneHe InairumefUs, 

(219.) Iw every branch of science, 
the value of a correct theory is best 
estimated by the extent and importance 
of its practical applications. The neare^r 
its approach to perfection, the greater 
the assistance we derive from it in con- 
structing instruments for the accurate 
measurement of spaces, of times, or of 
forces, and for the accomplishment of 
the objects which relate to that particu- 
lar science. It is thus that in mag- 
netism, if the theory, developed in the 
preceding part of this treatise, be cor- 
rect, it ought to furnish principles for 
the construction and management of 
magnetic instruments, such as the com- 
pass, dipping-needle, &c. Our limits 
permit us only to point out the leading 
principles which particularly deserve 
attention jn the case of each kind of 
instrument. 

$ 1* Of the Compost, 

(220.) The term compass is a general 
name for all instruments calculated to 
indicate the position of the magnetic 
meridian, or of objects with reference to 
that meridian, whether adapted for being 
used on land, and in the bottoms of mines, 
where we have a stable support at com- 
mand, or for observation at sea, where 
the perpetual agitation of the surface 
deprives us of that advantage. 

The first class, which merely show 
lis the direction of the ma«nietic meri- 
dian, includes the Land Conwass, the 
Mariner's Compass^ and the Variation 
Compass; the second, or those which 
mark the angular distances of objects 
from this meridian, are called Azimuth 
Compasses. 

(221.) Whatever modifications may 
be rendered necessary by the particular 
purpose of the compass, the essential 
parts of which it consists are the sjime 
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in all—namely, a magnetised bar of nanie manner in ench case, imsprcs* 

steel, grenerally termed the needle, hav- sure is proportional to the weight of 

ing at its centre a cap fitted to it, vvhich the needle and the parts which turn 

is suppoiied on a sharp- pointed pivot with it. Coulomb concluded, from a 

fixed m the base of the instrument. In set of experiments he made with a view 

the mariner's compass, the needle is to ascertain this particular point, that 

also affixed to a circular plate, or card, when the pivots terminate m a sharp 

the circumference of which is divided point, and the caps are made of very 

into degrees, while an inner circle de- hard materials, the friction is very neariy 

scribed upon it is marked with the proportional to the square root of the 

thirty-two points of the compass, or cube of the weights. But after long 

rhumbs, as they are called. The pivot of use, the point of the pivot becomes 

support rises from the bottom of acircu- blunted, and the surface of contact with 

lar box, which contains the needle and the bottom of the cap is considerably 

its card, and is covered with a piece of enlarged. In this state the friction is 

glass,* in order to jirotect them from found to be simply proportional to the 

dust, and prevent their being disturbed pressure. 

by the agitations of the external air. (224.) Assuming this, then, to be the 
llie compass box is suspended within a law of relation between them, let us 
larger l)ox, by means of two concentric take a magnetized needle of any given 
brass circles, or gimbals, as they are size and shape, and support it upon a 
called; the outer one being fixed by pivot in the usual manner. Let us next 
horizontal pivots, both to the inner place upon it another needle, precisely 
circle which carries the compass box, similar in aU its dimensions, and mag- 
and also to the outer box ; and the two netized to the same degree. The pres- 
sets of axes being in directions at right sure on the pivot will now be double 
angles to one another. By the combi- what it was before ; and therefore the 
nations of movements determined by friction, which is proportional to that 
these axes, the inner circle, with the pressure, will be double also. But the 
compass box and its contents, alwavs directive force, though increased, will 
retains a horizontal position, during the not be twice as great as with the single 
rolling of the ship. needle ; because, as was formerly shown, 
(222 ) The qualities required in the the reaction of the similar poles of the 
needle of the compass, for the perfect two magnets tends to diminish the 
performance of its office, are these: — power of each. Hence the ratio be- 
first, its directive force compared with tween the directive force and the resist- 
its weight, or with the mass which that ance is diminished, and the compound 
power has to set in motion, should be needle is less sensible to the magnetic 
as great as possible ; while, secondly, influence of the earth, and less fitted for 
the impediments to the exertion of that indicating the magnetic points of the 
force, and which consist principally in compass. The same mode of reasoning 
the friction l)etween the cap and phrot, apphes to any increase of thickness that 
should be as small as possible. Hence may be given to the needle. Hence it 
it becomes importunt to consider the appears, that when all other conditions 
relation subsisting between these op- are the same, needles of very small 
posing forces, and to ascertain those thickness possess the greatest sensibi- 
conditions which give the greatest pre- lity to terrestrial magnetism. To this 
ponderance to the directive force. general proposition there is, however* a 
(223.) The friction that takes place limit ; inasmuch as excessive thinness 
between the pivot and the cap which in the needle would endanger its bend- 
rests on it, will, in ditferent compasses, ing by its own weight, which would be 
bear a certain proportion to the pressure attended with a considerable loss of 
ou tiie points of support, provided these power, 
parts are coniitructed precisely in the (225.) With regard to the most ad- 

vantageous length for a compass needle» 

• An electrical state of the glass coyer, acci- it appears that when we have passed a 

dentally excited by triction, has been known to _/K ,. •• . u:^u i i *. j* ' u 

occttsion a sensible disturbance of the needle, by certain hnut, whlch IS about five inches, 

attracting ite ends. This attraction, when it ex- an increase of length is accompanied by 

IsU. may be at once destroyed by moistening the inprpjisp in the dirpntivo fnr«P in fhp 

surface of the glass. See Phil. Trans, for 1746. *" mcrease in me ClirecilVC lOrce m TflC 

p. M2. See also the observations on the local and same proportion ; but when the tlllCK- 

electrical influences on compasses by Lieutenant „ess remains the same, the Weight, and 

Johnson, in the 2lRt volume uf the Quarterly Jour- i.i ^u r • a- » ' '^ . 

nai of 9cieuc«. p. 2i7i. consequently the fiiction, increases m 
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the vciry same ratio; no advantajre, kind was pierced, as shown in }&•. 61 ; 

therefore, as to directive power can be the weight so lost being made up by 
obtained by any increase of length. 

Beyond the limij just mentioned, there- ^^S* ^^* 
fore, all needles haying the same trans- 
verse dimensions should, according to 

heory, be equally sensible, whatever be 
their lengths. But it is found in prac- 
tice, that needles which exceed a ?ery additional thickness. It is evident that 
moderate length are liable to have seve- these pierced needles had, though of 
ral consecutive poles, attended, as we equal mass, much leiss extent of surface 
have seen, with a great diminution of than those which remained soBd. Hav- 
directive force. On this account, short ing formerly had in his possession a 
needles, tnade exceedingly hard; are compass . of extraordinary power, the 
generally preferable. needle of which was composed of pieces 
(226.) The next object of atten- of steel wire put together in the shape 
tion in the construction of a compass t)f a rhombus, he procured two needles 
needle is the shape which is most fa- of this form (Jig, 62), made from a 
vourable to the acquisition of the Pig, 62. 
greatest directive power. Various 
have been the forms given to com- 
pass needles; the choice having been 
regulated more by the whim and fancy 
of the maker, than by any reference to 
scientific principles. The forms most piece of clock spring, which is of that 
frequently met with are the cylindric, kind of steel called shear steel. In one, 
the prismatic, that of a rhombus or the cross piece was of brass; in the 
parallelogram, and that of the fiat bar, other, formed of part of a clock spring, 
tapering like an arrow at the extremi- They weighed only 45 grains, 
ties. Coulomb, who made many expe- (228.) The results of the inquiry 
rifuents on the subject, gave a decided were, that shear steel is capable of re- 
preference to the last mentioned of these, ceiving the preater magnetic force ; and 
as being that which, with a given weight that the pierced rhombus is the best 
of needle, retains the strongest directive form for a compass needle. Needles of 
force. On the other hand, he found, cast steel were also tried, but were 
that any expansion of the needle at its found so very inferior, as at once to be 
extremities, a form which has sometimes rejected. In the same plate of steel, of 
been recommended, is attended with a the size of a few square inches only, 
sensihle dimthution of power. From the portions are found, varying considera- 
whole of his experiments, he was led to bly in their capability of receiving °>f^* 
the general conclusion, that in needles netism, though not apparently differing 
of the same form, their directive forces in any other respect, 
are to each other as their masses. (229.) Captain Kater next endea- 
(227.) This inquiry has been still fur- voured to determine the effects of va- 
ther pursued by Captain Kater, whose rious modes of hardening and tem- 
paper in the Philosophical Transactions, pering the needles. He found that 
already alluded to ($ 201), contains an nardenin^ a needle throug[hout consi- 
account of a series of experiments for derably diminishes its capacity for mag- 
determining the best kind of steel for netism. The greatest directive force 
a compass needle, and the best form was obtained by a needle which was 
that can be given to it. He found, soft in the middle, and its extremi- 
on comparative trial, that the directive ties hardened at a red heat. He at 
force is little, if at all, influenced by first 'thought that the most effectual 
extent of surface, but depends almost means of increasing its retentive power, 
entirely on the mass of the needle, would be first to soften it throughout, 
when magnetized to saturation. Two and then harden it at the extremities, 
needles were pre})ared of that kind instead of first entirely hardening it, and 
of steel which is called blistered steel, afterwards softening it in the middle, 
and two of spur steel, each weighing But subsequent experience induced him 
66 grains. They were of the form of a to attribute the difference of effect to a 
long ellipse, five inches in length and difference in the degree of heat to which 
half an inch in width. One of each the needle is exposed in softening it in 
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the middle. Repeated exposure to beat disposition of the magnetic power of n 
was found considerably to impair the steel bar, whatever shape we may ^ive 
susceptibility of the needle to retain the to it, or whatever process we may em- 
magnetic power communicated to it ;^ ploy for its magnetization, 
an effect which does not appear to be (233.) The conseqifence of the un- 
owing to any decarbonization of the equal distribution of magnetism on the 
steel. Captain Kater suggests that this two sides of the needle; is evidently tc 
deterioration may arise from a perma- produce a deviation of its axis from the 
nent expansion produced in the texture true magnetic meridian ; and the instru- 
of the steel by the repeated application ment wUl therefore fail to point out the 
of heat ; for the springs of clocks, real direction of this meridian. There 
which was the material lued in his ex- is only one way of discovering the ex- 
periments, being made by passing the istence and the amount of the deviation 
steel through rollers, when it undergoes proceeding from this cause ; it is to 
great compression* it is probable that reverse the needle, that is, to turn up- 
the state of condensation thus induced wards that surface which was before the 
is exceedingly favourable to the reten- under surface ; and when thus reversed 
tion of masTnetism. to balance it as nearly as possible in the 

(230.) The process which, on the same point in its axis as that on which 

whole, he recommends as the most ef- it was before supported. If the needle* 

fectual for giving to a needle the great- in this new state of suspension, finally 

est susceptibilit3r of directive power, is settles in a position somewhat different 

first to harden it throughout at a red from that it before assumed, we may 

heat, and then to soften it from the conclude that the axis indicated by its 

middle to within an inch of each extre- figure is not its true magnetic axis ; 

mity, by exposing it to a heat sufficient and that the latter, which alone tends to 

to cause the blue colour which arises arrange itself in the magnetic meridian, 

again to disappear. lies in a situation exactly bisecting the 

(231.) The effect of previously po- two positions assumed by the needle 

lishing the needle to be magnetized was in these two different modes of suspen- 

not found by Captain Kater to have any sion. 

6ensil)le influence on its capacity for re- (234.) When compasses are con- 
ceiving directive power. Neither did structed of two separate pieces of steel 
any advantage result from the employ- bars, sli8:htly bent at an obtuse angle in 
ment of increased pressure in applying the middle, so as to allow a space for 
the magnets over the surfaces of the the placing of the brass cap on which 
needle during the process for magnet- it is to be suspended at the centre, and 
izing them ; but, on the contrary, in the two pieces joined by their extremi- 
one instance it seemed to be attended ties so as to compose a locenge-jhaped 
with a diminution of effect. combination, they are exceedingly liable 

(232.) It is iin important requisite in to the imperfection just noticS. For, 
a compass needle that its polarities unless the ends of the separate pieces 
should be concentrated as much as which compose such a needle have been 
possible in its two extremities, and un- brought, by tempering, to an exactly 
disturbed by the action of any conse- equal degree of hardness, that side 
eutive poles existing at intermediate which is the hardest will retain more 
points. We have already had occasion magnetic power than the other side ; 
to remark ($ 193) how much the direc- and will, consequently, have a stronger 
tive force of a needle is impaired by tendency to place itself in the ma^etic 
irregularities in the distribution of its meridian. The needle will, accordingly, 
magnetism, attended either by a multi- incline on the side which favours 
plicity of poles, or by an inequality in this tendency, and the line joining its 
the strength of the two principal poles, extremities, and which must be regarded 
It is on this account that Duhamel's as the axis of its figure, will deviate 
process of magnetizing is so much pre- from the magnetic meridian. This evil 
ferable to that of ^pinus for io) parting; will have a tendency to increase by 
magnetism to compass needles: being time: for the stronger magnetism of one 
more conducive to uniformity or effect side, will tend first to impair, and at 
in every portion of the needle. But lenjith destroy, or even finally to re- 
even with all the care that can be verse, the polarities of the parts on the 
bestowed, we cannot always be certain other side to which they are adjacent. 
of obtaining perfect regularity in the (235.) The mode in which compass 
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needles are to be suspended, is well de- magnetic force which gives (hem mo- 
•erving of attention. In order to pro- tion, and the friction aho, being aiig- 
vide a concave surface, by which the menfed in the same proportion, con- 
needle may rest on the pivot which is to spires to diminish the freedom of the 
support it, soeh,that tne point of sus- motion cf the needle» and to impair its 
pension may be Just above the centre of sensibility. 

gravity, it is genefall? necessary, in the (237.) The best precaution to be taken 
straight needle, to make a perforation in for ensuring: the steadiness of the move- 
its centre, and to rivet intx> the hole a raents'of the compass, under aU cireum" 
piece ot hammered brass, the lower side stances, is to balance the needle accu- 
of which has been hollowed into a ooni- rately upon its centre^ before the card is 
cal cavity, while its upper convex sur- applied. Care should be taken that the 
face is allowed to project a little above card is uniform throughout in its thick- 
the level of the upper surface of the nessaiid textiure» and be perforated with 
needle. Itis found, however, that brass is a circular hole in its centre, so thnt 
not capable of being rendered sufficiently when united to the ne^e, the equil»- 
hard to resist the continued action of the brium of the whole may be perfectly 
f)oint a&fainst which it rubs in every mo- preserved. In order to fix it to the 
tion of the compass. In process of time needle, the latter is tapped with two 
it is worn into an irregular bole, givii^ small screw-holes, at the distance of 
rise f o great friction, and loss of mobi- about half an inch from each end ; and 
lity in the compass. This defect is the card bein^ placed so that the meri- 
usually remedied by inserting in the dian line marked on it is in the same 
upper part of the brass, a piece of po- vertical plane with the axis of the needle, 
lished agate, sTOund concave, with a de- and holes being made in it opposite to 
aided centre. The best compasses, made those in the ne^e, small screws are in- 
for nautical use, are thus furnished with troduced, so as fbrmly to fasten them 
agate caps. together. In order to secure the steadi- 
(236.) Some have considered the per- ness of the compass during the violent 
foration of the needle at the centre, for and irregular movements to which the 
the purpose of suspension, as prejudicial ship is liable, the suspension of the box 
to the regularity of the magnetic power, by the gimbals should be made with 
and as tending to the creation of an ad- great care ; the several axes of motion 
ditional number of poles. But, in re- being so adjusted as ,that the point of 
ality, the derangement occasioned by the suspension on which the needle, with its 
perforation of a magnetic bar at the card, is supported, be exactly in the 
point of neutrality, is not found to b^ at- same line with both these axes, 
tehded with any sensible inconveniences (238.) Complaints are frequently 
in practice*. 'If the shape given to the made by seamen, that, in a rough sea, 
needle be that of the pierced rhombus, the ordinary compasses are so unsteady 
as recommended by (Japtain Kater, no as to prevent their being easily ob- 
such objection will arise, since the cross- served; an inconvenience, which they 
bar whicn connected the obtuse angles are apt to ascribe to the needle's being 
of the rhombus has nothing to do with too strongly magnetic, and therefore too 
the magnetism of the steel bars forming easi>^ disturbed by tlve irre^larities in 
the sides of the parallelogram. It would, the motion of the vessel This supposed 
no doubt, be easy to bJance a straight defect they endeavour to remedv by 
bar, without removing any part of its adding a weight to the card : and this is 
substance, by the addition of a rim ~ of ofhen done, very injudiciously, by load- 
copper, or other noiv-magnetic substance, ing it with sealing-wax. Sometimes 
to the circumference of the card, so that they stick a few pieces of paper on the 
the centre of gravity of the moveable under side of the card, to serve as vanes 
part of the instrument may be brought which, actiikg upon the air, may create 
sufficiently low to be under the point of a resistance to the oscillations of the 
suspension. But a little reflection wUl needle^ It has even been proposed, 
show that more would be lost than with a similar design, to make the 
gained by this expedient ; for every ad- needle move in oil, or other liquid, 
dition that is made to the weight of the keeping it still suspended, as usual, on 
parts which have to move wong with its pivot — the fluid serving to check the 
the needle, lessens the efficacy of the vibrations. But all these expedients, 
- , ^ , , ^, . — ^ itr .v.'^ ^ ^ . A calculated to dimmish the mobility of 

• Coulomb, Mdmolres de Matbematlqne et de ., ^ .,««.yii« u„ />/^.«n*AMr>fin<y thp Anpia. 

piiy«iquepre««ate8ki»Acacieoii«. Tom. lie. 1780. the needle, by counteracting me opeia- 
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Hon of its directive force, are productive seferi, varies n differeift parts of the 

of an evil of a much more serious kind, world, accordmg to the situation of The 

than any that can arise from mere un- place with regard to the magnetic poles 

steadiness: for it is evident that the of the earth. Hence^ when the compass 

very same cause which makes the com- is transported to a distant part of the 

pass partake of the irregular motions of globe» a different adjustment must be 

the snip, forces it, in the same degree, made of the weight applied to correct 

to deviate from its proper position in the tendency to dip. These adjustments 

the magnetic meridian. While the card are best effected by means of a sliding 

remains apparently steady, the steers^ piece of brass placed under the needle, 

man will pursue his course, unsuspicious and the position of which may change, 

of danger, until the first warning of his according to circumstances, on the one 

error may, perhaps, be the sudden ap- side or tne other, to any distance that 

pearance of a shore, from which he had may be necessary In long voyages, 

imagined himself at a considerable dis- during which the changes of latitude are 

tance. The real remedy for the incon- considerable, the position of this regu- 

venient vacillations of the compass is lating weight requires to be frequently 

that we have already point^ out, shifted, in order to accommodate the 

namely, the accurate adjustment of the needle to the varying chang;es of incli- 

point of suspension in the line of the axis nation incident to the variations of lati- 

of rotation of the gimbals, which, as we tude. 

have l)efore observed, ought to intersect (240.) The Azimuth Compass differs 

one another at right angles, in that from the ordinary Mariner's Compass 

same point. In addition to this, it may only in the^ ciitumference of its inner 

be advantageous to increase the weight box being provided with sights, through 

of the magnet, provided its directive which an)[ object, either inthe horizon, 

force be at the same time augmented, or above it, may be seen, and its bear- 

This may be effected by employing, as ings from the magnetic points of the 

the compass needle, a ma^et of greater compass determined, by reference to the 

thickness, or bv conibming several pK)sition of the cai-d, with respect to the 

needles together, laying them parallel to sights. For this purpose the whole box 

one another ; for if both the magnetic is hung in detached gimbals, which turn 

power and the weight, (and conse- on a strong vertical pin, fixed below the 

quently the friction,) increase in the box, which is thus capable of being 

same proportipn, the directive power moved round horizontally, and of the 

will remain the same as before ; and the sights being directed to whatever object 

compass, thus constructed, being hea- is to be viewed through them. On one 

vier, will be deranged to a less extent by side of the box there is usually inserted 

the same disturbing force ; and when a nut or stop ; which, when pushed in, 

deranged, will be brought back by the presses against the card and stops it ; 

directive force to its proper bearing, with this is done to enable the observer to 

the same facility as in an instrument of read -off the number of degrees of the 

the ordinary construction. card, which correspond with an index, 

(239.) It is to be recollected that if or perpendicular line, drawn in the in- 
a needle, in its unmagnetic state, be so side of the box. They are also some- 
constructed as that it shall be accurately times read off by means of a wire stretch- 
balanced when resting on a point at its ing from one sight to the other across 
centre, and shall maintain itself in a the centre of the card, 
horizontai position, and if it be after- (241.) Analogous to this instrument is 
vvai*ds magnetized, the influence of ter- the land or surveving-compass, which is 
restial magnetism will cause it to as- also furnished with sights, and means for 
sume an inclined position, one of its reading off the degrees on the card. This 
ends preponderating, as if it had ad- latter object is effected in a very inge- 
quired additional weight In order, nious manner, by a contrivance of Mr. 
therefore, to restore the* equilibrium, Schmalcalder, for which he procured a 
and bring it back to the norizontai patent. The card is balanced in the usual 
plane, it will be necessary to add a cor- manner, and contained in. a round brass 
responding weight to the other end of box, with two sights, the one to which 
the 'needle. the eye is applied being furnished with 

The degree of inclination in the un- a trian^lar prismatic lens, and the 

balanced needle, depends upon the other being an open sight, with a vertical 

amount of the dip, which, as we have hurse-hairlineextending along its middle. 
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The pupil of the eve bein^ bisected sides of the ship, and the compass be 
by the upper ed^e of the pnsm, as in placed, as is usual, in the binnacle, in 
the Camera Lucida, the object and that the after part of the ship, this resultant 
part of the circumference of the card force, which represents the combined 
on which the degrees are marked, are action of the iron, will be situated in a 
seen at the same time ; the former by vertical plane passing through the com- 
direct vision, the latter bv reflexion from pass, and through the axis of the ship, 
the internal surface of the inclined fkce and will, moreover, have a certain in- 
of the prism : and thus the coincidence dination to the horizon. In the northern 
of the two may be accurately noted, regions of the globe, the inductivein- 
A prism of the same kind is also ap* fluence of the earth on unmagnetic iron 
phed in 6ilbert*s patent Azimuth Com- consists in carrying the southern pola- 
pass. rity upwards, and the northern ix)larity 
(242.) The Variation Compass, de- downwards, (} 107,) in a direction pa» 
sis:ned to exhibit the diurnal changes of rallel to that of the dipping needle. The 
variation in the horizontal magnetic action on the compass of a piece of 
needle, has generally a needle of much iron thus brought into a state of in- 
greater length, than those of other kinds duction will, therefore, be precisely 
of compasses ; and as it is not required similar to that of a magnet having the 
to move round the whole circumference, position of the dipping needle, and 
the box, instead of being circular, is placed at a considerable distance from 
oblong, so as to admit of a deviation of the compass. If it be placed, with re- 
only 20'or 25 degrees from the middle lation to the compas?;, exactly in the 
line. A vernier scale, with a magnifier, ma^etic meridian, (that is, to the mag- 
is usually applied in order to estimate netic north or south of the compass,) it 
the changes of position of the needle can have no effect in disturbing its po- 
with greater precision. sit ion. This will generally be the case 

«,. Av^^L r 1 M^A ^' ^ rr » when the course of the ship coincides 

§2. 0/ the Local Attractton of VeteeU. ^jj^ the magnetic meridian, and the 

(243.) The indications of the mari- needle of the compass is in the dii-ection 

ner*s compass at sea are liable to error qf the axis of the ship. But if the ship's 

from a eause which, tjU l&tely, had head be turned to the eastward, and tne 

never been supposed capable of affecting resultant force of the iron in the ship be 

the needle. . It consist's in the attraction directed in a line downwards from the 

which the large quantitv of iron, con^ compass, that force will be represented 

tained in various parts of the ship, exerts by a magnet placed in the same oblique 

upon the magnetic needle: for although line ; and the south pole of that magnet, 

the action of each individual piece of iron being uppermost, will act with most 

may, at the distance at which it is placed, power, and will attract the north pole of 

be quite insensible ; yet the united action the compass needle, causing it to deviate 

of the whole quantity dispersed in every towards the east. The same magnet, 

part of the vessel, may amount to a placed to the westward of the comuass, 

considerable sum, and occasion a very which would correspond with the snip's 

perceptible deviation of the compass head being turned to the west, would oc- 

from its true position in the magnetic casion a westerly deviation of the com- 

meridian. This will happen more espe- pass needle. In the southern hemi- 

cially in ships of war, wnich contain a sphere, when the inductive influenoe of 

large number of guns, of iron-shot, and tne earth has a contrary direction, the 

of water-tanks, and various parts of the opposite effects would result from the 

frame-work of the ship which are now action of the iron in the ship ; for the 

made of iron. action would then be represented by a 

(244.) If we suppose each particle magnet, having a position with respect 

of iron to exert a certain attractive to its poles, the reverse of what it had in 

force upon the magnetic poles of the the former case, 

compass needle, according to a certain (245.) The earliest record of any ob- 

law, hereafter to be determined, it servation of the effect of this local at- 

is easy to understand how the com- traction of vessels, occurs in the voyages 

bined effect of all these forces may be of Captain Cook ; but the reason of the 

considered as equivalent to one simple deviation of the needle does not appear 

resultant force acting in a certain direc- to have been suspected. The first dis- 

tion. If the quantity of iron be con- tinct statement of the real cause of this 

* sidered as equally distributed on both anomidy is contained in a report from 
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Mr. Downie, Master of H.M.S.0kR7, to be collected into something: like a 
in which there is the foUowint? passm^e : focal point, or c^tre of gravity ; and 
— ' I am convinced that the quantity that this point it nearly in the centre of 
and vicinity of iron in most ships have the ship, where the shot are deposited, 
an effect in attracting the needle ; for for here the greatest quantity of iron is 
it is found by experience that the needle collected together/ * He further sup- 
will not always point in the same diree- poses that this point is endowed with 
tion when placed in different parts of the same kind or attraction as the pole 
the ship. Also, it is rarely found that of the hemisphere where the ship is ; 
two ships steering in the same course, consequently, in New Holland, the south 
by their respective compasses, will go end of the needle would be attracted by 
exactly parallel to each other ; yet these it, and the north end repelled. On this 
compasses, when compared on board hypothesis, which appears to be the true 
the same ship, will agree exactly */ one, he explains the phenomena he had 
(246.) The next observations on this observed, and also deduces from it as 
subject were those of Captain Flinders f, a necessary consequence, that the devi- 
who, whilst surveying the south coast ations of the compass, arising from the 
of New HoUand, in H.M.S. Investi- attraction of the iron in the ship, must, 
gator, in 1801 and 1802, remarked con- when the ship is on the north side of the 
siderable differences in the direction of magnetic equator, be directly the reverse 
the magnetic needle, when there was no of tliose he had observed in the southern 
other apparent cause for them, than the hemisphere ; that is, the north end of ■ 
ditferences in the direction of the ship*s the needle would be attracted, and the 
head. This occasioned much perplexity south end repelled. This tlieory was 
in laying down the bearings, as it was confirmed by other observations, mnde m 
very difficult to find the proper allow- the same ship, in the British Channel, 
ances to be made for this deviation of (247.) The observations of Captain 
the compass in estimating them. With Flinders excited considerable attention 
a view of trying how far an alteration at the time they were published ; and a 
in the disposition of the iron might course of experiments was, in conse- 
tend to remedy tiiis source of error, quence. made, by order of the Admiralty, 
Captain Flinders first removed two guns, in various ships in the Nore. It was 
which had stood near the compass, found that, in every ship a compass 
into the hold, and afterwards fixed the would vary considerably in its position 
surveying compass exactly a-midships on being removed from one part of the 
upon the binnacle ; for at first it was oc- ship to another. Although the general 
casionally shifted to the weather-side as fact was completely established by these 
the ships went about ; but neither of experiments, they did not then lead to 
these two arrangements produced any any further investigation, until the sub- 
material effect in preventing the devia- ject was again brought into notice by 
tions of the compass. When the ship's Mr. Bain, who, in a useful treatise which 
head was to the east, the deviation was he published on the Variation of the 
westward; and the contrary, when the Compass, placed in a striking point of_ 
ship's head was to the west: when it view the fatal consequences which might 
was nearly north or south, no deviation attend this source of error. The atten- 
was perceptible. These differences, aris- tion of the public was also particularly 
ing from a change in the direction of drawn to the subject at this time, in con- 
the ship with regard to the points of the sequence of the proposed expeditions to 
compass, were less considerable as he the Arctic regions, from which it was ex- 
proceeded to lower latitudes ; and on ap- pected that much important information 
preaching the line of no variation, upon would result with regard to terrestrial 
the south coast of New Holland, the magnetism. The local attraction of the 
deviations of the compass were snsaller vessels sent out on these expeditions was 
than either l)efore or afterwards. In made a particular object of inquiry ; and 
reasoning on the cause of these deviar the results of the numerous experiments 
tions, he supposes • the attractive power made for that purpose, are detailed by 
of the different bodies in ihe ship, which Captains Ross and Parry in their ac- 
are capable of effecting the compass, counts of their respective voyages ; end 

-^ — -*— — also l^ Captain Sabine, in a papier in 

,r^^*^^®/! J''*S?'"t,*", M»?»«f"™' P^biiiAed in the Philosophical Transactions *. It is 

l/W ; quoted by Mr. Barlow in his Easay on Mag- '^ ^^ 

Mtic Attractions. """"^ "" 

jl PhUowphieal TranaMtioM for 18(Nk p. 1S6 • For 1819, p. IIS. 
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stated by the last of thes^ observers that, inclination of this plane to* the horizon 

in the Isabella and Alexander, the bin- is, therefore, the comf^ment to the 

nacle compasses of the two ships were angle of the dip. In London^ where the 

soon found to differ very materially from latter may be taken at 76P, this anele is 

one another, in indicating the course consequently 2&^, The section of this 

steered* The difference was frequently plane of neutrality, as it may be called, 

one point, or eleven de^ees and a quar- by a horizontal plane^ passing through 

ter. No dependence whatever «ould be the centre o£ the ball, will be a line 

placed on the agreement of compasses directed to the magnetic east and west, 

m different parts of the ships, or, of the If a hollow sphere, of considerable dia- 

same compass with itself if removed meter, be supposed to extend around 

iMit a few inches. Even in the nei^h- the ball, and to be concentric with it, 

hoiirhcod of the binnacles, the varia> the plane above defined will, by its in« 

tlon, as observed amidships, was from tersection with the sphere, form a great 

8" to 10° greater than the result of circle, which may be regarded as the 

azimuths taken by a compass placed magneiic equator of that sphere, with 

between two and three feet on the lar- relation to the magnetic action of the 

board side, and an equal difference, in a ball. 

contrary direction, took place, on remov- (250.) Another plane of neutrality is 
ing the compass to the starboard skie ; constituted by & vertical plane, also 
all of which introduced great difficulties passing through the common centre of 
in the ship's reckoning. the baB and sphere, and inchiding the 
(248.) An extensive investigation of magnetic direction, that if, the line of 
the subject was now instituted by Mr. the dip: this plane is evidently that of 
Barlow, with a view of discovering some the magnetic meridian ; and it also inter- 
principle of computation, or other sects a great circle on the imaginary 
method, for correcting this source of sphere. 

error, in all parts of the world. The fe- We have termed these two planes the 
stilts of the first experiments he made planes of neutrality, in preference to 
for this purpose, were published by him adopting the name of pkmes of no at" 
in 1820* ; and, in 1824, there appeared traction^ by which Mr. Barlow has de- 
a second and greatly extended edition of signated thvm, because, as Poisson has 
the same work, developing the mathe- remarked, it is not the whole of the 
mattcal principles which regulate the attractive force exerted by the iron ball 
action of unmagnetic iron upon a mag- that vanishes in these planes ; but only 
netized needle. His situation, as Pro- that part of (his force which occasions 
fessor of the Royal Military Academy of deviations in the natural position of the 
Woolwich, gave him the means of pur- needle, which, indeed, is the only force 
suing hfs experiments upon a very ex- of which we are now studying the effects, 
tended scale; as he could procure, with Strictly speaking, however, there re- 
facility, considerable masses of iron, mains another force, acting in a direc- 
such as balls and shells of every deno- tion parallel to the dipping-needle, but 
minatiou, and having that regularity of of an opposite nature to the action of 
figure which was most favourable to the earth, and tending, therefore, to re- 
the application of mathematical formulae, tard the osciHations of the needle. 
As the inquiry is important, not merely There is, indeed, no plane in which the 
from its application to the subject of the attraction of a sphere^ or, in general, ol 
local attraction of vessels, but also in its any body magnetized by the earth's' in- 
bearings on the whole theory of magnet- fluence, becomes evanescent, 
ism, we shall briefly state the principal (251.) In like manner, other meri- 
results which he obtained. dional great circles may be conceived 
(249.) Mr. Barlow ascertained, that a on the sphere cutting the equator at right 
ball of iron produces no disturbance of angles, and meeting at the two poles of 
the compass needle, when the latter is that equator ; and the situation of any 
situated in any part of a plane passing point at the surface of the sphere, may 
through the centre of the ball, and at be designated by its distance from the 
right angles to the direction of the dip- equator, measured on the meridional 
pinp needle, in the place where the ex- circle which passes through the point, 
periment is made. The angle of the and which may be defined its magneitc 
_ latitude; together with its distance from 

• Under tht liUe of * An Enay on Magnetic At- any one meridian, fixed upon as the first 

ntetioDH.* meridian, measured on a smaller eirele 
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parallel to the equator, and passing; gitude, remains the same, the tangents 
through the point in question, which of the angles of deviation are reciprocally 
distance might be termed its magnetic proportional to the cubes of the dis- 
kmgitude. Mr. Barlow assumes as his tances. Now as it has been estab- 
first meridian, the circle which passes lished, that the magnetic force varies 
from the pole to the magnetic east and inversely as the square of the distance, 
west points of the horizontal plane in- it will follow, that the square of the tan- 
stead of the vertical meridional plane. — gent of deviation is directly as the cube 
We cannot help thinking, however, that of the force ; or, that the tan^^ent of de- 
the multiplication of these planes would viation is directly proportional to the 
have been better avoided, by assuming i power of the force. In order to con- 
the latter, necessarily referred to on so vert this proportionality into an equa- 
many occasions, as the first meridian. tion, it is necessary to introduce a certain 

(252.) Having settled these definitions, constant co-efficient for the number ex- 

the law of action deducible from the ex- pressipg the distance. This co-efficient, 

perimental investigation of Mr. Barlow, when the distance is estimated in inches, 

may be very simply expressed. The Mr. Barlow finds to be .00080382. If 

amount of the angular deviation of a this be called A, and the distance de- 

compass needle, the motion of which is noted by </, the formula, comprising alt 

limited to a horizontal plane, from the the variable quantities in one equation, 

true magnetic meridian, at any point on becomes, 

the surface of the sphere, is such, that • ^ sin. 2 x. cos. / 

^ the tangent of the angle of deviation is ^ A d* 

directly proportional to the rectangle of ,^ n« . « 

the sine andcosine of the latitude of that , ^235.) The mfluence of the mass, and 

point multiplied into the cosine of its ^^ of the surface with relation to the 

longitude. As it is extremely convenient ™*?'» ^^ ***« i»*on sphere m modifying its 

to express propositions of this kind in ?ction, were next made the subjects of 

the concise and perspicuous language of investigation. Having at first employed 

algebra, we shaQ present the above pro- ^^^l^ ^*1**' weighing, respectively, 288 

position in that form ; denoting the angle f "^ * ^^ pounds, the results appeared to 

of deviation by the symbol a ; the lati- *^ ^^ ^^^ conclusion, that the tangents 

tude by x; the longitude by/. The o^ the deviations were proportional to the 

formula will tjien be as follows, ^^^^ ^f the diameter, that is, directly 

tan. A = sin. X cos. a sin. /. as the masses. But when similar ex- 

But since the product of the sine and P«r'»ments were made with hollow shells, 

cosine of an angle is equivalent to the o^ the same diameter as the former balls, 

sine of twice that angle, the formula ^''- Barlow was not a little surprised to 

admits of this simplification, and it will ^"^ that no difference was perceptible 

then be, between the results of these and of tlie 

tan. A = sin. 2 X cos./. former trials. Hence he concluded, 

(253.) The results of a numerous ^^^^ ^^^ power of attraction was inde- 
series of experiments made by Mr. Bar- pendent of the mass, and resided wholly 
low, when the centre of the compass was *" the surface of the metal ; and ail sub- 
plaoed in every variety of position, with sequent experiments confirmed the ac- 
respect to an iron ball, approximated so curacy of this conclusion. The in- 
closely to those which were given by ference he drew was expressed in 
computation from the above formula, the following proposition, namely, that 
that no doubt can remain of the accu- the tangents of the deviation are pro- 
racy of the law from which it is deduced, portional to the cubes of the diameters, 
They have been further verified by Mr. ^^ to the square root of the cube of the 
Christie, by a somewhat diiFerent method surfaces, whatever may be the weight or 
of procedure, of which he has given an thickness of the sphere. Subsequent 
account in the Transactions of the Cam- experience, however, taught him that 
bridge Philosophical Society ♦. this law is subject to a limitation in re- 

(254.) The next object of inquiry was spect to the thickness of the metal in 

the law of attraction, with relation to ^^^^^ ^^^ magnetic power resides ; for 

distance ; and the result at which Mr. ^^ that thickness, be less than the thir- 

Barlow arrived was, that, when the tieth of an inch, the power is not fully 

position, with regard to latitude and Ion- developed, and its action is diminished. 

. _« This conclusion has been since veri- 

• VoL i.p. U7. fied by Captain Kater who found, on 
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employing three cylinders of iron, the iron, as to act upon it by induction, the 

one being solid, and the other two hoi- laws above determined are superseded 

low, but all equal in surface, that the by those dependent on this latter cause, 

deviation of the compass needle, occa- and are therefore no longer appUcable. 

sioned by the attraction of soft iron, In all the experiments made by Mr. 

depends on the extent of surface of the Barlow, care was taken that the dis- 

iron, and is wholly independent of the tances should be such as to be entirely 

mass; excepting a certain thickness, exempt from this disturbing cause, 

amounting to about two-tenths of an (258.) Having established the law of 

inch, which is requisite for the full de- action on the compass, as far as regards 

velopment of its attractive energy *. It masses of iron of regular geometric 

may be remarked, by the way, that the forms, the next object was to determine 

circmnstance of the effective power be- whether the same law obtains with 

ing limited to the surfaces of bodies, or masses of inegular shapes. This would 

nearly so, is another striking instance evidently not be the case, if the popular 

of the analogy which subsists between notion were true, that the poles of a piece 

the magnetic and the electric agencies, of iron, under the influence of terres- 

These inductive results of observation trial induction, reside exclusively at the 

are all in strict conformity with the theo- opposite extremities of the mass ; where- 

retical deductions of Poisson already as if the entire action admits of being 

adverted to, { 163. referred to one common centre of at- 

Introducing into the general for- traction, in the same manner as the com- 
mula this new variable quantity, bined effect of the gravitation of all the 
namely, the diameter, or radius, of the particles of a body of irregular figure 
sphere of iron, which we shall express may be considered as directed on a sin- 
by r: it becomes gle point, known by the name of the 
^j^jj ^_ r' sin. 2 x cos. L centre of gravity, it is reasonable to 
A (fi expect that the same laws are common 

(256.) These rules and formula are to both. Experiments tried, with this 

capable of being applied in another view, upon a twenty-four pounder, 

manner ; for, instead of conceiving the showed the existence of a plane of 

imaginary sphere to surround the iron neutrality in the most irregularly- shaped 

ball, we may imagine a similar sphere masses of iron, and completely esta- 

concentric with the point of suspension blished the identity of the operation of 

of the needle ; and it will then be obvious the attractive and repulsive forces in all 

that the centre of the ball will have the cases, whether the iron was presented 

same relative position in the latter sphere, in isolated masses, or dispersed in every 

as the pivot of the compass has with re- variety of situation throughout the ship, 

specttothe former; so that the refers (259.) The actual amount of deviation 

ence may be made indifferently to either: produced in the ship's compass by its 

and when the mass of iron is irregular, local attraction, will, of course, be dif- 

which is the more usual case, it will be ferent in different vessels. With an 

more convenient to refer the common easterly or westerly course, it has been 

centre of attraction of the iron to an observed in these latitudes to vary from 

imaginary sphere circumscribing the five to twelve or fourteen degrees : it is 

compass. of greater amount as the ship is in 

(257.) It must be observed, however, higher latitudes ; and diminishes, with- 

that in every instrument a limit exists out however vanishing, at the equator ; 

within which the above law ceases to and again increases as we approach the 

obtain. This limit arises from the influ- south pole. Mr. Barlow, in a paper 

ence which the inductive power of the lately published in the ' Philosophical 

needle may exert upon the iron pre- Transactions*,' gives the following 

sented to it ; for we have already seen table of the deviation observed in dit- 

that the consequence of this induction ferent ships, on the best authorities, 

is attraction of the adjacent pole of the from which a general idea may be 

magnet, whichever pole that may hap- formed of the extent of error that may 

pen to be. Hence it follows that when thus arise, and also of its average 

the compass is brought so near to the amount 



> Philosophical Transactions for 1819, p. 189. For 1S31, p. S17. 
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8hiv. canm^i^. PtaM. 4*^jL. ^6^2 about eighty Hjiles, if the looftl at- 

Cmwif s . Cupt. Basil Hall Portsmouth 4*» 38' fraction of the vessel had been equal to 

BTrraccU- cl'p*'.c:^".id'. *'"^-' iS a! that of the Gloucester, she would have 

Hecia . . . Capt. Sir E. Parrjr Do. 7 27 passed five miles nearer to Cape Frio 

G?i7er* * * c2^c?rv*rii: Wo2"' 13 % ^^^ ^^ ^^^ Calculated upon; an 

A4f entire .* Capt! King . . ', Pivmoutji' 7 43 ^^^0^^ ^^ite Sufficient to account for the 

Gloucester . Capt Staart ^ . . Channel . 9 W fatal Catastrophe, 

giving a mean of 8^ 44' at the east and (261.) It is ' obvious; that; when the 
west points in these latitudes. cargo of the ship consists chiefly of iron, 
(260.) The last of these ships, the the error in the reckoning may be even 
Gloucester, was reported as being ' in- more considerable than what has been 
variably drawn« in consequence of this now stated. The most fatal conse- 
deviation, to the southward of her in- quences might arise in a few hours to a 
tended place, notwithstanding the great- vessel in the Channel, iii^der these cir- 
egt care being taken in steering her/ ciimstances, in a dark and blowing 
Had it not been ascertained, by taking night, having for its only guide ^ com- 
an observation, that this error was al- pass, subject to an error of fourteen de- 
together the effect of local attraction, )t grees in opposite directions at east aqd 
would probably have been ascribed to west, the very courses on which she 
the influence of an unknown current, would be endeavouring to steer. How 
The real deviation, estimated in dis- many of the mysterious wrecks that 
tance, would occasion the vessel, after have taken place in the Channel might 
running ten miles, to be more than ft not be traced to this cause ! The loss 
mile and a half to the southward of her of the Thames Indiaman is given as an 
reckoning ; and so on in proportion ^s example by Mr, Barlow *. This vessel, 
the distance increased. An error of besides the usual appointments of guns, 
this magnitude, occurring in a narrow &c., had a car^o qf more than four 
channel and in a dark night, were it hundred tons of u'on and steel. The in- 
unknown or disregarded, might lead to fluence of such an enormous magnetic 
th^ most disq^strous consequences. The mass would alone be quite suffialent to 
vrreck of his Majesty's ship Thetis, explain the otherwise unaccountable cir- 
which lately happened on the qoast of cumstance, that after leaving Beachey- 
Brazil, has been ascribed, with som^ head in sight at six o'clock in the even- 
probability, to a mistake of this kind, ing, the ship was wrecked upon the 
The following is the account given of same spot between oiie and two o'clock, 
thjs accident in the * United Service in the morning, without the least appre- 
Joumal : " — * The Thetis sailed from Rio hension of bemg near the shore. 
Janeiro on the 4th of December, with 9. (262.) The practical application of 
million of dollars on board, besides the principles above established to the 
other treasure, and every prospect of a correction of the actual deviations of 
fine passage, stretching away to the the compass in a ship, being, as we 
south-east The next day, the wind have seen, of such great importance 
coming rather favourable, they tacked, in navigation, Mr. Barlow bent his 
thinking themselves clear of land ; and mind to the discovery of a method of 
soconfidentwerethey,that the topmast effecting so desirable an object. His 
studding-sails were ordered to be set, first idea was, that since the guns and 
the ship running at the rate of nine knots ^ other iron of a vessel must produce 
and the first intimation they had of being exactly the same deviation of the needle 
near land, was the jib-boom striking as a smaller mass of iron placed in a 
against a high perpendicular cliff, when similar situation, but as much nearer as 
the bowsprit broke short off, the shock its mass is smaller, it might be possible 
sending all three masts over the side ; to place such a body of iron aft of the 
thus in a moment bringing utter de- compass, as would exactly counter- 
struction on this fine vessel and her balance the action of the guns, &c., for- 
valuable cargo.* Mr. Barlow shows, in ward, and consequently leave the needle 
the paper Sboye referred to, that the as free to move, as ii no such action 
deviation of the compass, arising from existed : but he soon found that, for 
the attraction of the vessel, was exactly this purpose, the position of the coropen- 
of the kind that was likely to occasion sating ball of iron would require to be 

this great mistake in the ship's reckon- — 

ing : for the distance run by the Thetis • E»8a7 on Mi^iietic Attmctioni, p. 367. 
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shifted for every ^liferent position of plate, without addiog to ita weight. It 
the ship, which would, of course, be would appear also tnat the compound 
impracticable. He therefore had re- plate is more powerful when th^ two, of 
course to the following expedient, which which it is fomoied, are thus separated 
wa's found to answer perfectly under all from each other *. The proper position 
circumstances of situation. Since it is of the plate, with regard to the compass, 
possible to place a ball of iron in the must be ascertained by trials on shore ; 
same line of direction, with regard to the comparing its effects, in different rela- 
compass, as that in which the com- five situations, with the observed devia- 
bined action of the iron of the ship is tiff^ of the compass on board the ship, 
exerted, and to bring it to the exact disi- (264.) Although the method p^x)posecl 
tance at which its action shall be equjd hy M^*, Barlqw be exceedingly inge- 
to that of the ship's iron, it is obvious nious, and will, no doubt, to a certain 
that a ball so placed will, instead of de- exteut, prove highly useful, several 
stroying the deviation o| the connpass, causes exist in practice which musit 
double its apaount ; and that this will interfere with the regularity of its ope- 
be the case under all circumstances, ration. Changes of temper ?vture will 
lind in every part of the world. Instead, probably affect the compass-needle, the 
therefore, of nxing the ball. If t its pro- compensating plates, and the large 
per place be first determined, and the oaU masses of iron contained in the ship, in 
itself laid aside ; then, at any time when very different degrees ; and maiiy of 
it is desirable to ascertain what effect the latter bodies will be more or less 
is due to the magnetic attraction of the susceptible of acquiring permanent m*g- 
sbip, let it be applied in the situation so n^tism in the different circumstances m 
determined, and observe how many de- which they are placed. In the course 
grees it draws the needle of the compass of a long voyage, extending to very dif- 
from the direction it had previously fprent latitudes, thes^ causes are fiable 
to the application of the ball. This win tp considerable variation, and must in- 
be the amount of the actual deviation troduce a degree of uncertainty in the 
produced by the iron of the ship ; and amount of the changes induced. Still, 
the correction in the course of the vessel however, the method of Mr. Barlpw 
may be applied accordingly. Strictly ^Ul furnish a moat valuable approxi- 
speaking, it is not the angle of deviation mation to the correct determination of 
which is doubled by the action of the the influence which the ship exerts on 
ball, but the tangent of that angle ; but the needje of the compass. Certain it is 
as, in small angles, the tangents are that the proper estimate of the disturb- 
very nearly in the ratio of their arcs, ing force arising from this cause has, of 
they may in most cases be taken, with- late years, acquired increased import- 
out sensible error, as the same. ance from the very large proportion of 
(263.) As the effect to be obtained iron now employed in the construction 
depends on the surface, and not on the of ships of war, and of the machinery 
mass of the iron which acts, Mr. Bar- for their guidance. Independently of the 
low has found it more expedient to em- guns, shot, ajid iron water-tanks, the 
ploy plates of iron, instead of balls. The knees of the ship, the capstans, and 
form he recommends is a double plate, cables are now made of iron, so that the 
composed of two thin plates of iron, whole forms a very l^ge and powerful 
screwed together in such a manner magnetic mass, 
as to combine any strong irregular (265.) In all situations, but more 
power of one plate, with a correspond- especially in hifi;h magnetic latitudes, 
ing weak part of another; by which experience nas shown the advantage ^ 
means a more uniform action is oh- adopting an expedient originally sug- 
tained. These plates are of a circular gested py Captain Flinders: namely, 
form, twelve or thirteen inches in diame- the selection of some particular spot in 
ter, with a hole in their centre, through the ship as. th^ permanent position of ^ 
which is passed a brass socket, with an standard compass, in which it should 
exterior screw ; a bi-ass nut, about an ^e invariably pl?KJed for use, whether in 
inch and a half in diameter, screws on observing azimuths, or bearings of lanct 
the exterior of each end of the socket, or in directing the ship's course : so 
thereby pressing the plates together ; that if, on any particular occasion, ^t 
with an interposed thm circular piece ^ 1 

of board, which is intended to increase « Barlow's £8sav on Mugnetio Attractions. Sa- 
in some degree the tbickness of the aoadcdition.paoo. 
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should be necessary to use a compass cumstances of the case, for in other in 

ill any other part of the ship, a refer- stances they were retarded. He sug- 

ence should be made to the standard of gests that great care ought to be taken 

comparison, and the difference, if any, to keep the chronometers on board of 

in its pointing noted and allowed for ; any ship out of the immediate vicinity 

a certain degree of uniformity being of any considerable mass or surface of 

found to obtain in the effects of the iron. They ought not, for instance, to 

local attraction on a compass thus con- be kept in the cabins of the gun-room 

fined to one spot, enabling a navigator officers, which are on the sides of the 

to form a sidficiently correct judgment vessel; as probably a strong iron knee, 

of the different amounts of variation to or even a gun, will be found at a very 

be flowed with it on each change in the inconsiderable distance from the spot 

direction of the ship's head *. where the watch is deposited. 

(266.) Not only arc the compasses on Mr. Barlow proposes to rectify this 

ship-board disturbed by tiie magnetic error by a method similar to that which 

attraction excited by the iron existmg in he employs for the correction in the 

the vessel ; the chronometers also are compass, namely, by previously ascer- 

affected by the same influence. The taining what the effect of the ship's iron 

sudden alteration in the rates of chro- is upon tlie rate of the chronometer, 

nometers at sea had been frequently This may be done by means of a box 

noticed by intelligent seamen, but had or pedestal, on the top of which is a 

been generally ascribed to the motion convenient receptacle for the chrono- 

of the vessels. The true cause was first meter, and in the side of which a brass 

pointed out by Mr. George Fisher, who pin is fixed, to carry the compensating 

accompanied Captain Buchan in his double iron plate, employed to repre- 

voyage to the Arctic Regions, in the sent the action of the ship s iron on the 

year 1818, and who gave an account of compass. Then, having'ascertained the 

his observations on this subject to the rate of the chronometer in the usual 

Royal Society t. He found that the manner, let- the rate be again taken 

chronometers on board the Dorothea while it is placed on the pedestal. The 

and Trent had a different rate of going plate should generally be kept at the 

from what they had on shore, even distance of about a foot from the ver- 

when these vessels had been frozen in, tical line, through the centre of the dial ; 

and therefore when their motion could and its centre should be about the same 

not have contributed to that variation, depth below the plane of its balance. 

It appeared that this effect could be The rate thus obtained will be a very 

attributed only to the magnetic action close approximation to the ship's rate 

exerted by the iron in the ships upon the of the instrument, provided care be 

inner rim of the balance of the chro- taken to keep it out of the immediate 

nometers, which is made of steel. A action of any partial mass of iron, and 

similar influence was perceptible on to place it in the same direction with 

placing magnets in the neighbourhood respect to the ship's head as it had 

of the chronometers. This conclusion with respect to the iron plate when its 

was confirmed by the experiments made rate was determined *. 

for this purpose by Mr. Barlow, who *« a^^^l .1 • ^r ^ 

ascertained that masses of iron, devoid 5 ^- ^T the Azimuth Compass. 

of all permanent magnetism, occasioned (267.) The purposes to which the 

an alteration in the rates of chronome- azimuth compass is applied, and the 

ters, placed in different positions in general principles of its construction, 

their vicinity. The alterations varied have already been stated in J 240 ; but, 

according to the positions of each chro.- for the sake of those who are desirous 

nometer with relation to the magnetic of making practical use of it, it will be 

equator of the masses of iron to whose necessary to enter into a fuller detail. 

influence it was subjected, and was al- The ordinary azimuth compass is 

ways uniform in the same position. In represented in fig. 63. The semicircle 

the case of the chronometers on board A6 is fixed by a screw at its middle, or 

the Dorothea and Trent, their rate was lowest point, to a stand at the bottom 

always accelerated. Mr. Barlow found, of the outer box, containing the whole 

however, that this depends on the cir- apparatus, in such a manner as to ad- 

• l»arry*» Journal of a Voyage for the Discoverj —___——————— 

of a North- West Paasa(i;e, &c., Appendix, p. cxviii. * Barlow'i Essay on Magnetic Attractions, p. 

t PhUow^jphical TransacUons for 1880, p. 196. 1S5. 



MAGNETISM. M 

mit of its being tnmrf round horizon- piyots GG, consfituting a tioriiontal 
tally, and placed in all azimuths. To axis of motion ; nhile the inner cyUn- 
the upper extremities of this semicircle, drical brass box, FQ, containing the 
a brass circle, CD, ia fixed by two compass itself, is attached to the brasi 
Fig-. 63. 



circle, CD, b; similar pivots, of which as indexes for the measurement of the 
one is seen at g, forming a horizontal angular distance in azimuth of an ob- 
axis at right angles to the former, and ject viewed through the two sights, 
both together acting as ^mbals. The from the place of the magnetic meri- 
compass. with its card, is balanced in dian. as shown by that portion of the 
the usual manner on a pointed pivot graduated edge of the can], which coin- 
rising from the centre of the bottom of cides with the line with which it is com- 
the inner box, the upper side of which pared. The degrees are reckoned from 
is covered with a circular piece of glass, the north point of the compass, which 
The two sights, E and O, are fixed ver- is marked zero, all round the circle, in 
tically on me upper side of the cylinder the direction from left to right, that is 
of tliis tx)x, diametrically opposite to from north to east, and thence to south 
each other ; the one, £, to which the eye and west. 

is intended to be applied, consists ot^a (268.) Sometimes a wire is placed be- 

brass slip, having a narrow vertical tween the two sights, stretching hori- 

slit; the other, O, which is turned to zonlally from the foot of the one to that 

the object, is a similar slip, having an of the other. This is intended as an 

oblon? aperture containing a fine index to ascertain coincidences with the 

thread, or norse hair, passing along the degrees marked on the card, when they 

middle of the open space in a vertical are viewed from above : but as this ii 

direction. Two vertical lines are also a mode of using the instrument that is 

marked on the inside of the box, which seldom practised, this wire is usually, 

are prolongations of the slit in the sight omitted, and observations made solely' 

for the eye, and of the thread in that by means of the vertical lines, 

for the olject. These lines are intended (269.) Or on; side of the box eoiK 
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pass is also well adapted for surveying, vided for making observations on the 

for which object, indeed, it was origi- sun ; they are placed so as to be readily 

nally invented. To apply it to this pur- interposed between the eye and the 

pose, nothing more is necessary than to nearest sight w'/en wanted, and are 

slide the frame containing the segment removeable at pleasure when not re- 

of the glass cylinder to the top of the quired, 

sight, when the hair will be seen, which . . •%- ., «. ... ^ 

must be made to bisect the object viewed M- 0/ the Fanatton Compass. 

by direct vision at the moment that its (279.) A magnetic needle intended 

bearing is also read off by reflexion. to indicate the minute changes that 

(275.) There is also another mode of take place in the direction of terrestrial 

using this compass, which may, per- magnetism; should, as already noticed 

haps, be found more convenient and ac- (} 242), be of somewhat greater length 

curate than that already described. It than an ordinary compass, in order that 

is simply to turn back the reflecting the extent of the variations of angular 

sight, and to view the line of light, and position may be more conspicuous, 

read off the degrees by direct vision ; (280.) For the same purpose, the fol- 

and it has this decided advantage, that lowing method was practised by Du 

if the compass should not be in a hori- Hamel: — At each extremity of a long: 

zontal position, the observer may readily needle, a slender, pointed piece of steel 

perceive and correct the error. Some was erected perpendicularly, which 

care, however, is necessary not to mis- served as sights for observing its posi- 

take in reading the figures indicating tion with reference to the divisions of a 

the degrees, they being inverted as graduated limb, six feet in length, fixed 

marked upon the card : this may be pre- to a pillar at the distance of nearly sixty 

vented by viewing them also by re- feet from the needle, and in the direc- 

flexion. . tion of its axis *. 

(276.) On approaching the north (281.) Analogous to this was the con- 
pole of the earth, the north end of the struction employed by Mr. Prony, con- 
needle will incline downwards ; but the sisting of a long magnetic bar, on which 
card may again be readily balanced by was fixed a telescope, moving along 
taking out the ring and glass, and at- with it ; its motion being observed by 
taching a small bit of wax to the south looking through it at a distant object, 
pole of the needle. the image of which would have a cor- 

(277.) When it is considered how responding motion in the field of the 

great is the diminution of the power telescope. Humboldt, who made many 

with which the magnetism of the earth observations with this instrument, 

acts upon the horizontal compass needle considered it to be a very accurate me- 

in very high magnetic latitudes, the sa- thod. 

tisfactory results which have been ob- (282.) But a point of much greater 

tained, even under such extreme cir- importance is that the magnetism of the 

cumstances as those of the late arctic needle should be uniform, and that its 

voyages, — in Davis's Straits, for in- magnetic axis should remain perma- 

stance, and Baffin's Bay, — from the em- nent Hence its form should be of the 

ployment of Captain Kater's azimuth simplest kind, such as that of a slender 

compass, which gave correct observa- needle of nearly equal diameter through- 

tions when other instruments became out, and magnetised with great care, 

useless, afford the best testimony of its The observation of minute changes of 

excellence, and of the precision which position may be made with sufficient 

may be expected from its employment accuracy by means of a magnifying 

in the ordinary course of observation *. glass ; which expedient will supersede 

(278.) In some azimuth compasses, the necessity of employing sights, or of 

for which patents have been taken, a giving to the needle any extraordinary 

triangular ^lass prism is substituted for length. 

the mirror m the above instrument, act- (283.) Another material point is to 

ing evidently on the same principle of obtain great delicacy of suspension, so 

reflexion, and evidently borrowed, with that the needle shall immediately obey 

a trifling alteration of form, from the the slightest change of direction in the 

original invention of Captain Kater. force of terrestrial magnetism, or of 

Coloured glasses are sometimes pro- ; -— — 

. ■ , * Histoire de TAcadeinie Royale des Sciences de 

* See Captain Sabine's obserrations in the Fhilo- Paris, for 1773, part ii., p. 50. 

•ophical Transactions for 1819, p. Ul. f Bbt, Traite do Physique, torn, iii., pp. 143, 144. 
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Any other extraneous magnetic force, produce the minute diurnal or monthly 

This object can hardly ever be suffi- changes in the variation, by adopting 

ciently attained by balancing the needle the expedient suggested by Mr. Bar- 

upon a point, as in the common com- low, and which we have already slightly 

pass; because, however small the trie- alluded to, $ 122. From a variety of 

tion may be, it is still a force which is considerations, we are warranted in con- 

required to be overcome at the begin- eluding that the direction assumed by 

ning of every new motion, and which the magnetic needle is the result of a 

must even prevent all motion until the great number of magnetic forces acting 

moving power has increased to a cer- upon it, some of which are of a nature 

tain amount. This objection does not more permanent than the rest. Thus, 

apply in the same degree to the suspen- while the average direction is the re- 

sion of the needle by a fine thread, which sultant of some cause of very general 

is accordingly the best plan of construe- operation, affecting extensive portions 

tion for a variation compass. Care of the globe, many occasional changes 

should,ofcourae, be taken that the force are effected by causes of a more tran- 

of torsion be as small as possible. Mr. sient nature, some of which are periodi- 

Bennet proposed a spider's thread as the cal in their influence, but of which 

best materiial for obtaining great delicacy others are, as it were, accidental, or 

of suspension, and procuring the greatest at least very irregular and fluctuating 

magnetic sensibility: for although twisted in their action. Innumerable obser- 

through many thousand turns, it occa- vations have proved that the compass- 

sioned no sensible deviation in a needle needle is more or less agitated during 

suspended b^ it ; showing that its force the prevalence of the aurora borealis *. 

of torsion is insensible *. Its deviation from this cause has been 

(284.) The thread should be con- known to amount to six or seven de- 
tained in a vertical tube, fitted to the grees. Volcanic eruptions have been at 
middle of the upper side of an oblong various times observed to occasion con- 
box, the remaining parts of which are siderable disturbance in the position of 
to be completed by ^lass plates, for the the needle : this was particularly noted 
purpose of protecting the needle from during the eruptions of Mount Hecla 
agitation by me air. With a graduated and of Vesuviusr . Atmospherical 
arc adapted to each end of the needle, changes, such as violent winds, or a fall 
and magnifiers to observe the exact po- of snow, have, in like manner, been 
sition of the extremities when referred known to affect the needle. The elec- 
to these arcs, this simple form of the trical conditions of the atmosphere, and 
instrument, which is the one employed especially those connected with the ap- 
by Captain Kater, is calculated to an- proach or occurrence of thunder-storms, 
swer every practical pvurpose that can have a powerful influence on magnetic 
be desired. Its superiority to the ordi- polarity. 

naiy construction was shown on the oc- (286.) It is evident that as the needle 
casion of the late Northern Expeditions, in its ordinary states is urged to move by 
when it was found that the friction on a force resuUinff from the influence of 
the metal point in the variation needle these variable forces, combined with 
belonging to Mr. Browne, made by Dol- those that are of constant operation, the 
lond, nearly a foot in length, and sus- effect of the former would be much 
pended in the usual manner by an greater if the latter were withdrawn ; 
agate cap on a metal point, was, in and this can only be efl'ected by neu- 
the high magnetic latitudes reached tralizing the operation of these constant 
by Captain Parry, too considerable to forces. Mr. Barlow effected this by ap- 
be overcome by the directive power of plying one or more magnets in the re- 
the magnet ; and accordingly it hap- quisite positions, so as to counteract 
pened that at Winter Harbour the in- almost entirely the natural magnetic in- 
strument was quite useless, while the fluence of the earth. In illustration of 
one furnished by Captain Kater still tra- which he gives the followhig example %, 
versed t. Supposing that a finely suspended hori 

(285.) Considerable light, however, 

ma y be thrown upon the causes that . ^ W»r«ntin'. Memoir ia the Philosophical 

Transactions ior 1751, p. 136. 

* Philosophical Transactioiu for 1798, p. 81. f The Abbe de la Torre observed changes of Ke- 

t Parry's Journal of a Voyage for the IMsoorerj Teral degrees in the declination of the needle, durioc 

of a North- West Passage, &c. See AppendiiL p, an eruption of VesuTius. 

cxvi. t FhUoiopiuc«l TnuiMotions for 18S3, p. 337. 
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zontal needle, under the natural in- diminished by increasing the angle which 
fluence of the earth, makes one vibra- the resultant of the terrestrial forces 
tion in two seconds ; and that by mask- and those of the magnet made with the 
ing the terrestrial influence by magnets horizon, and which would be nearly 
properly adjusted, the time of vibration equivalent to increasing the angle of the 
is increased to eight seconds ; then it dip. This arrangement also procured 
would follow that the directive power the further advantage of obtaining va- 
was reduced to one-sixteenth of the rious inodification^ of effect, bjf altering 
former ; and, consequently, that any the distances of the neutralizing mag- 
lateral magnetic force acting upon the nets froxti the needle. Whereby inferences 
needle would produce an effect sixteen might be deduced as td the variations 
times greater than before ; so thftt if in the Intensities of the deflecting forces 
the former were twelve minutes, the occasioning the deviations of the needle 
new effect on deviation might be ex- at different times. It would exceed the 
pected to amount to between three and limits of this treatise to attempt even a 
four degrees, and therefore be such as to short abstract of the mode of investi^ 
admit of distinct and saiisfaCtory obser- tion pursued by Mr. Christie in this m- 
vation. Thus he found that when the quiry, and for the details of which we 
needle was kept in its natural position, ihust refer our readers to his paper in 
and then deprived of neaily the whole the Philosophical Transactions*. The 
of its directive power by bringing a general results to which he arrived have 
magnet near it, the daily variation might abready been given in $} 123, 124. 
be magnified almost to any amount. (288.) In observations for determin- 
The same result was obtained when the ing the exact variation, great care should 
north pole of the needle was directed to be taken that the compass employed be 
the south, east, or west, or, indeed, any unaffected by any local causes of at- 
required position, at least within certain traction • from iron in the neighbour- 
limits. With this view, Mr. Barlow first hodd. In the account siveh of the me- 
deflected the needle, by the repulsion of ieorolo^ical instrunienrs used at the 
a magnet, mto a certain position, and Royal Society*s house t, Mr. Cavendish 
then, by means of another magnet, mo- points out the method he employed in 
dified its directive power in the sam^ order to ascertain whether this cause of 
way as when it was in its natural posi- error existed ; And if so, to determine 
tion in the magnetic meridian. its amount. He removed the variation 
(287.) Thus, by combining different compass from the apartments of the 
sets of observations, in different posi- Society, into a large garden belonging 
tions of the needle, information may be to a house in Marlborough- street, 
obtained as to the direction as well as in- about a mile and a quarter to the west 
tensity of the extraneous forces that in- df Somerset House, where there seemed 
terfere with the general directive in- to be no danger of its being affected by 
fluence of the earth. Mr. Christie, in any iron -work. Here it was placed ex- 
prosecuting these investigations, pre- actly in the meridian, and compared 
ferred applying two magnets, placed for a few days with a very exact com- 
one above and the other below, and on pass, placed in an adjoining room, and 
different sides of the needle, in the Hne kept fixed constantly in the Same situa- 
of the dip, or that in which it would tion. It was then removed back to the 
arrange itself if freely suspended by its Society's house, and compared again 
centre of gravity, instead of retaining with the same compass. By a mean of 
them in the same horizontal planp with these observations, the difference be- 
the needle, conceiving that a more tween the position in the tWo stations 
equable distribution of the forces acting was ascertained, indicating the amount 
on the needle would thus be obtained ; of the local influence of the iron in the 
for a portion of the forces acting upon house and adjacent buildings, and con* 
the horizontal needle in the line of these sequently the error of the instrument, 
magnets would be destroyed, and it 

would still be acted upon by forces in x y 0/ the Dipping' Needle. 

the same direction as before, but of less «, '-'- -o 

intensity; whereas by even applying (289.) The principle on which the 

the poles of two magnets to the corre- dipping-needle acts has akeady been 

spending poles of the needle, and in the 

same plane with thettl, the horizontal « ^^^ j^ ^ 3^^. 

directive force of the needle WOuld be f Philosophical TransacUons fox 1776, p. 391. 
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expidiiied (} «/). as dso the g^fterai form advantage to make the needles of con- 
of the itistrument. siderable dimensions so as even to ex- 

l^g. 67. ceed a foot in length. But experience 

has shown that more is lost than gained 
in point of accuracy ty giving to them 
a length greater than six or eight inches ; 
and Considerable conveniendfe, of course, 
results from this reduction of size, as 
the instrument ii thus rendered more 
portable, as well as lesi expensive. 

(293.) With a view to diminish fric- 
tion, Mh Mitchell, in the year 1772, 
proposed that the two ends of the axis 
of the dipping-needle should be sup- 
ported on frlction-wheels ; and two in- 
struments with this improvement were 
executed for the Boara of Longitude 
by Mr. Nairne. The needles were a 
(290.) The simplest construction ts foot in length, and the ends of the axes 
that represented mfig. 67.. The needle were made of gold alloyed With cop- 
I) rf is a flat oblong piece of steel, broader per, and the frlction-wheels on which 
at the middle, and tapering to a point at they rested were four inches in diame- 
the extremities. A slender cylindrical ter, these wheels being themselves ba- 
axis is passed at right-angles through lanced with great care. Thfe ends of the 
its centre, and moves freely in circular axes of the friction- wheels were like- 
apertures made in the middle of the wise made of an alloy of gold and cop- 
lateral horizontal bars, H A, fastened to per, and moved in small holes made m 
a vertical graduated circle, CC, indicat- bell metal : and opposite to the ends of 
ing the angle which the needle makes the axes of the needles and of the fric- 
with the horizon. This circle is fixed tion wheels, were placed flat agates, 
to a flat stand, ST, provided with one finely polished. Each magnetic needle 
or more levels ; the horlzontality of vibrated in a circle of bell-metal, divided 
which is adjusted by means of screws into degrees and half degrees : and a 
placed at the corners of the stand. The line passing through the middle of the 
usual mode of observing with such an needle to the ends pointed to the dlvi- 
instrument is first to ascertain the di- sions. The needles were nearly ba- 
rectlon of the magnetic meridian by a lanced before they were rendered mag- 
common compass, and then, removing netical ; and by an ingenious contrivance 
the compass to a sufficient distance, so of Mr. Mitchell, of a cross fixed on the 
that it may not affect the position of the axes of the needles, on the arms of which 
dipping-needle, to fix the circle of the Were cut very fine screws, to receive 
latter in the plane of this meridian, and small buttons, admitting of being screwed 
then to render it perfectly level by mearts nearer to or farther from the axis, the 
of the screws of the stand. For the ad- needles could be adjusted both ways, to 
justment of the instrument in the meri- a great nicety, after being magnetised, 
dian, in any particular place where the by reversing the poles, and changing 
bearing of a distant object is exactly the sides of the needle. The frame of 
known, the frame containing the needle the instruments were provided with 
is occasionally provided with two sight levels for the horizontal adjustment, 
vanes, placed on an index moving hori- after they had been placed in the plane 
zontally on the top of the vane, and of the magnetic meridian *. 
which may be directed to that object. (294.) In a subsequent volume of the 

(291.) Great care should be taken Philosophical Transactions t, a dipping- 
that no iron or steel enters into the con- needle is described by t)r. Lorimer, 
struction of any part of the frame-work calculated for making observations on 
of the apparatus, as such material the dip at sea, where, from the un- 
might produce a sensible action upon steadiness of the supports, the difficulty 
the needle : great attention should even of attaining any degree of accuracy is 
be paid to the purity of brass that may be very great. The needle was of the 

employed in its construction, and to its 

exemption from all magnetic properties. « Philosophical TransMtions for 177s, u. 47et 
(292.) It was formerly deemed an t For 1778. p. 7». 
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usual shape and size, and moved verti- other. Its position with respect to the 
cally on its axis, which had two conical respective circles points out also, upon 
points, slightly supported in two corre- simple inspection, not only the indma- 
sponding hemispherical sockets, inserted tion, or dip, but also the magnetic 
into the opposite sides of a small up- bearings in a horizontal plane. Hence 
right brass parallelogram, about an by directing the vertical circle to the 
inch and a half broad, and six inches sun, or other object in the heavens, the 
high. Into this parallelogram was fixed, magnetic amplitude of the object is also 
at right angles, a sdender brass circle, readily determined. Dr. Lorimer's com- 
about six inches diameter, silvered and pass, though exceedingly plausible in 
graduated to eveiy half degree, on theoiy, presents such difficulties in its 
which the dip is indicated by the needle, practical execution, as can scarcely be 
This, for the sake of distinction, he overcome by the most exquisite work- 
called the circle of magnetic xnclina" manship. 

tion. This brass parallelogram and, (295.) The dipping-needle formerly 

consequently, the circle of inclination, used by the Royal Society, and which 

also turned horizontally on two other has been regarded as the model for the 

pivots, the one above and the other be- construction of instruments of this 

low, with corresponding sockets in the kind, is described by Mr. Cavendish, in 

parallelogram. These pivots were fixed the 66 th volume of the ' Philosophical 

in a vertical brass circle, of the breadth Transactions *.* In this instrument, the 

and thickness of two-tenths of an inch, ends of the axis roll on horizontal agate 

and of such a diameter as to allow the planes ; and a contrivance is applied, by 

circle of inclination and the parallelo- which the needle may, at pleasure, be 

trram to move freely round within it. lifted off from the planes, and laid down 

This second circle he calls the general on them again in such a manner as to 

meridian. It was not graduated, but be supported always by the same points 

had a small brass weight fixed to the of the axis resting on the same parts of 

lower part of it, to keep it in a vertical the agate planes, the motion by which it 

position ; and the curcle itself was is let down being very gradual and with- 

screwed, at ri^ht angles, into another out shake. The general form of the in- 

circle, of equal interned diameter, of the strument, the size and shape of the 

same thickness, and twice the breadl)i, needle, and the cross used for balancing 

which was silvered and graduated on it, were the same as in the dipping- 

the upper side to every half degree. It needle constructed by Nairne on the plan 

represented the horizon : for it swung of Mr. Mitchell, already described, $ 

freely in gimbals, and was, conse- 293. The mode of using the instrument 

quently, always horizontal. The whole was as follows : the dip was observed 

was contained in a mahogany box, of first with its firont to the west, and then 

an octagon shape, with a glass plate at with its front to the east ; after which 

the top, and one on each side for some the poles of the needle were reversed, 

way down. That part of the frame and the dip observed both ways as be- 

which contained the glass could be lifted fore. Care was taken that the needle 

off when requisite. The whole box was rendered equally magnetical after 

turned round upon a strong brass the poles were reversed, as it has been 

centre, fixed in a double plate of maho- before ; this equality being ascertained 

gany, glued together cross-wise, to pre- by counting the number of vibrations 

vent its warping or splitting; and this made by the needle in a given time in 

again was supported by three brass feet, both cases. The mean of these four 

frosted so as to prevent their slipping observations was the true dip. 
when the vessel rolled considerably. (296.) In order to estimate the influ- 

When not wanted for use, it was en- ence of the several causes of error which 

closed in an outer square box, in order might singly vitiate the result, but which 

to preserve it effectually. may be made to compensate one an- 

The pecuhar advantage of this in- other by combining these different modes 

strument consists in the freedom which of observation ; let us suppose Jig, 68 

is allowed to the needle of obeying the to present us with a front view of the 

tendency, impressed upon it by terres- needle ; and S N to be the direction of 

trial magnetism, of placing itself in the the mj^etic axis, or line according to 

line of the dip, in consequence of the which its magnetism is exerted; and let 

power which it has of moving in dif- 

ferent planes at right angles to one an- • For the year 177«, p. 375. 
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M m be drawn at right angles to S N, senting therefore the atis of motion. If 
and passing through the centres of the the needle were truly balanced, its 
cylindrical ends of the axis, and repre- centre of gravity would coincide with 

Fig. 68. 




4» 

the intersection of these lines ate. But the line SN; or although the line join 
supposing this notto the be case, and that ing the two divisions c;f 90^ be not per- 
in consequence of an error in the sus- pendicular to the horizon ; or although 
pension the centre of gravity is at g* ; the axis of motion do not pass through 
draw ^/perpendicular to SN, cutting the centre of the divided circle, pro- 
it in n, and make nf equid iogn, vided it be in the same horizontal plane 
When the instrument is turned halfway with it Should it happen, indeed, that 
round, so that the opposite face of the the axis of motion is not in the same 
needle is presented to us, the edge S M N horizontal plane with the centre of the 
will now be in the place before occu- divided circle, the error thence arising 
pied by S m N, and the centre of gravity will not be compensated by this me- 
will be situated at that part where thod of observing ; unless the position 
point /was before ; therefore the mean of both ends of the needle be taken as 
between the forces by which the needle checks upon one another. This, how- 
is drawn out of its true position in these ever, is of no consequence, since it is 
two situations, in consequence of its not eas^ to examine whether or not they 
being truly balanced, is accurately the are in the same horizontal plane, 
same ; and the mean between the two (299.) But the error that is most dif- 
observed dips is very nearly the same as ficult to be avoided in the construction 
if the centre of gravity had been at n. of the instrument, is that which arises 
But if the centre of gravity were at n, from the ends of the axis not being truly 
the dip would be very nearly as much too cylindrical. It is, accordingly, essential 
great in the one position of the needle, that the parts of the axis which rest in 
or it would be too little when the poles the agate planes should be exactly the 
are reversed ; or vice versd. Therefore same. The instrument, however, is so 
the mean of the observed dips in these contrived as to admit, on occasion, by 
four situations will be very nearly the giving the axis a httle liberty in the 
same as if the needle were truly ba- notches by which it is lifted up and 
lanced. down, of our making these planes bear 

(297.) In the second place, if the against a part of the axis distant about 
planes on which the axis rolls are not a hundredth or a fiftieth of an inch from 
horizontal, the dip will be very nearly their usual point of bearing. Mr. Ca- 
as much greater than it would otherwise vendish found that, when the axis is con- 
be, when one face is turned to the west, fined, so as to have no such liberty, 
as it is less when the other is ; for if and when care is taken, by previously 
these planes dip towards the south in making the needle stand at nearly 
one case, they will dip as much towards the right dip, that it shall vibrate in 
the north in the other, supposing the very small arcs when let down on the 
levels by which the instrument is set to planes : that then, if the needle be lifted 
remain unaltered. Consequently, the up and down any number of times, it 
mean of the two observations will be will commonly settle exactly at the same 
very nearly the same as if they had point each time ; at least the difference 
been placed in a truly horizontal plane, is so small as to be scarcely sensible. 

(298.) The same method of reasoning But if it be not so confined, there will 

will show, in the third place, that the often be a difierence of twenty minutes 

mean of the two observations above- in the dip, according as different parts 

mentioned will not be altered, although of the axis rest on the planes ; and that, 

the index-line joining the « mark by although the greatest care be taken to 

which we observe with the axis of mo- free the axis and planes from dust ; 

tion be not parallel to the axis of the which can be owing only to some irre- 

needle ; that is, although the index line gularity in the axis. If the needle 

do not coindde with the continuation of vibrate in arcs of five degrees, or morei 



^hen let down on the planes, there wiU a mean of these, for this new position, 
frequently be as great an error in the Comparing these two means, we obtain 
dip. It is true that the part of the agate a resulting mean, which is ^ee from 
planes on which the axis rests wnen the first source of error. In order to 
the vibrations are stopped, will be a exclude the operation of the second cause 
little different, according to the point of error, we must now remove the 
at which tlpie needle sto^ before it was needle from its supports, and after de- 
let down ; which will make a small dif- stroying its magnetism, magnetize it 
ferenee in the dip, as shown by the di<> ajBfain in the contrary sense ; namely, 
vided circles, when only one end of the rendering that end a north pole, which 
needle is ohserved, though the real dip, before was south, and vice ver^q ; 
or inclination of the needle to the hori- then, replacing it upon its supports, we 
zon is not altered ; but this difference must make with it similar seta of ob- 
is far too small to be perceptible ; so seryations to those made before, turning 
that the above-mentioned error cannot it first on one side and then on the othef . 
be owing [to this cause. Neither does The mean thus obtained, comibined with 
it seem to arise from any irregularity the former mean, will give the mean of 
in the surface of the agate planes, for the whole ; which i|iay Im considered as 
they were ground and polished with the true dip, at the place and at the 
great accuracy ; but it most likely pro- time of observation, 
ceeds from the axis slipping in the (301.) The «rror {HH>cluQed by the 
large vibrations, so as to make the want of coincidence between the axis of 
agate planes bear against a different part motion and the centre of gravity of the 
of it from what they would otherwise needle may be removed by the following 
do. Mr. Cavendish gives it as his opi- method, d[evised by Daniel BempuiUi, 
nion that this irregularity is not owing and which, being easily executed, de- 
eitherto want of care or skill in the serves to be generally known* Let a 
execution, but to the unavoidable im- dipping-needle be constructed with as 
perfection of this kind of work. He much correctness as can tte effected by 
Imagines, therefore, that this instrument the ordinary methods of workmanship^ 
is at least as exact, if not more so, and balanced as exactly as possible be- 
than any which has yet been made. fore it is rendered ma^etic : when im- 
(300.) Thus it appears, that in general pregnated, therefore, it will arrange it- 
the indications afforded by the dipping- self tolerably nearly in the line of dip. 
needle are liable to two principal sources Carefully note the position it takes un- 
of error : first, the axis of the magnet's der these circumstances, and then de- 
length may not be the exact axis of its stroy its ma^etism. When it has thus 
magnetic forces ; and, secondly, its point returned to its natural state, alter the 
of suspension may not, in every position, point of suspension, or adjust the cefktre 
be exactly coincident with its centre of of gravity, in such a manner as that it 
gravity. Different modes of observa- shall arrange itself in the same position 
tion must be resorted to, in order to as that above noted by the sole in- 
ascertain the amount of the errors aris- fluence of gravity. Now impregnate it 
ing from these causes. We must first again, imparting to it the same poles as 
assure ourselves that the axis of rota- before. It is evident that it will now ap- 
tiou of the needle is perfectly level, so proximate still more nearly to the true 
that the needle shall turn in a plane ex* line of the dip, since nearly the whole of 
actly vertical : we must next see that it that portion of the force of gravity 
is placed accurately in the plane of the which before produced a deviation from 
magnetic meridian ; and we have then the position no longer operates. If we 
to observe carefully the positions at find that this approximated position dif- 
which it settles, after bein§ repeatedly fers several degrees from the former one, 
disturbed, and allowed to oscillate freely, the operation may be repeated, until we 
The mean of these positions may then have arrived so near to the true position, 
be taken as the true position of the that no further difference can be per- 
needle under these circumstances. We ceived. It will rarely happen that the 
are next to turn the whole instrument third approximation will give an error 
horizontally till it has described a com- of half a degree, 
plete semicircle, or 180°; that face of it (302.) This simjde instrument was 
which was to the east being now to the adapted by its author to observation in 
vyest, and vice versd . and then, taking all situations, in the following ingenious 
bimilar observations on the dip, we get manner :-*-'A very l%hl bsass graduated 
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circle, XQGyfig, 69, is fixed to one side fus possible before imprecation* A ve^ 
of the needle SN, concentric with its light index, K r, is then fitted on the axis 
axis, and the who)? is balanced as nicely so as to turn stiffly upon it. This will 

Fig', 69. 
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destroy the equiUforium of the needle, other trials, ov fron the dip observed 
If the needle had been made with per- by the finest instruments. He tried it 
feet accuracy, and prfBctly balanced, in Leith Roads in a rou^h sea ; and. 
the addition of this index would cause did not think it inferior, either in cer- 
it always to settle with the index perpen** tainty or dispatch, to a needle of the 
dicular to the horizon, whatever degree most elaborate construction. Professor 
of the circle it mig^t chance to point 'Robison deems it worthy of its inge- 
at. But as this is not to be expected, nious author, and of the public notice 
the index is to be set at various degrees because it can be made for a moderate 
of the circle, and the position which the expense, and, therefore, may be the 
unmagnetic needle tates, corresponding means of multiplying observations on 
to each place of the index, must be the dip, which are of immense value to- 
observed, and the result of all these wardsperfectingthe theory of terrestrial 
observations recorded in a table. Sup- magnetism. 

pose, for example, that when the index (303.) In a dipping-needle recently 
IS at 50^, the needle inclines 46^ from made by M. Gambey, at Paris, intended 
the horieon : if in any place we ol»* to be used at St. Petersburgh, the axis, 
serve that the needle, rendered magnetic instead of l)eing a cylinder, is a knife- 
by juxtaposition between two powerful edge, as in a fine hydrostatic bali^nce. 
magnets, having the index at 60^, has This edge is placed exactly in the 
an inclination at 4 6^, we may be certain centre of gravity of the whole com- 
that this is the true dip at that place ; for pound needle, and is so fixed that when 
the needle is not deranged by magne^ the needle dips 71^, the edge rests per- 
tism from the position which gravity pendicularly on two agate plates. It is 
alone would give it As we generally evident that such a needle, however sen- 
know something of ttie dip that is to sible, is adapted for use only in those 
be expected in any place, we must set situations in which the dip is nearly 
the index accordingly. If the needle do 71^. It is, however, well calculated for 
not show the expected dip, the position ascertaining minute variations of incli- 
of the index must l)e altered, and the in- nation in the same place *. 
clination of the needle again observed. (304.) Another mode of dispensing 
Examine whether this second position with the condition that the axis of mo- 
of the index, and this dip» form a pair tion should accurately pass through the 
which is in the table : if they do, then centre of gravity, a condition which it is 
we have obtained the true dip ; if not, next to impossible ever strictly to fulfil, 
we must try another position of the is that adopted in the dipping-needle 
index. Notieing whether the agree- invented by Professor I. Tobias Mayer, 
ment of this last be greats or less than in his treatise, De Unt msmratiori 
those of the former pair, we leam aeu9 indinatori^ Magnetic^ef, 
whether to change the position of the The centres of motion and of gravity 
index in the same direction as before, or are, in this needle, designedly separated, 
in the opposite direction. Professor so that the inequalities of workmanship 
Robison had a dipping-needle of this in the axis, or m the planes of suspen- 
kind, made by a person totally unac- sion, are rendered of less efPect, being 
quaintedwith the making of philoso- opposed by the joint influence of gravity 
phical instruments. He used it at and magnetism ; whilst, by a peculiar 
Leith, at Cronstadt in Russia, at Scar- process of <^servation, and an appro- 
borough, and at New York, and the , ^ ^u • .a vy.^.\n,J 

,. .^. . J i_ •• j«j A. • • ^1^ « Annaleg de Chimie et de rhysique. 

dip mdicated by it did not in any smgie ^ published in the Transactions of the ftoyal So. 

trial differ a degree and a half from cietyof5cieAcesatGK)ituigeo,£ori3i4, 
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priate formula, the jdini operation of the that of magnetism in overcoming the 

two forces is resolvable, and the posi- inequalities of the axis ; and thus to 

tion which the needle should assume cause the needle to return, after oscil- 

from that of magnetism alone is dedu- lation, with more certainty to the same 

cible with great precision ♦. This in- point of the divided limb than it would 

tentional separation of the centres of do were the centres strictly coinci- 

gravity and suspension is effected by dent. 

tapping the needle with a fine interior (306.) The centres of motion and of 

screw, in order that it may receive a gravity not coinciding, the position 

fine steel screw, projecting at some dis- which the needle assimies, when placed 

tance from the needle, and on which a in the magnetic meridian, is not that of 

small brass ball traverses. By this con- the dip ; but the dip is deducible by an 

trivance, the needle may be deflected easy calculation from observations made 

from the true dip, in any degree that may with such a needle, according to the fol 

be desired, and the terrestrial action, lowing directions : — 
which varies as the sine of the angle of (307.) If the needle has been carefully 

deviation from the line of dip, may be made, and the screw inserted truly as 

increased in almost any proportion. described, the centres of motion and of 

(305.) The following is the descrip- gravity will be disposed as in the lever 

tion of the needle constructed on this of a balance, where a right line joining 

principle, which was employed by Cap- them will be a perpendicular to the ho- 

tain Sabine in the determinations of the rizontal passing through its extremities, 

dip, as reported in the work already that is, to the index line. This condi- 

quoted. This needle was a parallelo{>i- tion is not, indeed, a necessary one ; 

pedon of eleven inches and a half in but it is desirable to secure it, Wause 

length, four-tenths in breadth, and one- it shortens the observations, as well 

twentieth in thickness ; the ends were as the calculation from whence the dip 

rounded ; and a line marked on the is deduced. Its fulfilment may be as- 

face of the needle, passed through the certained with great precision, by placing 

centre to the extremities, answering the the needle on the agate planes before 

purpose of an index line. The cylin- magnetism is imparted to it, and observ- 

drical axis on which the needle revolved ing whether it returns to a horizontal 

was of bell metal, terminated, when it direction after oscillation, in each posi- 

rested on the agate planes, by cylinders tion of the axis ; if it do not, it may be 

of less diameter ; the finer these termi- made to do so at this time with no great 

nations can be made, as long as they trouble. 

do not bend with the weight of the (308.) With a needle in which this 

needle, the more accurate will be the adjustment can be relied on, two obser- 

oscillations. Small grooves in the vations made in the magnetic meridian 

thicker part of the axis received the Y's, are sufficient for the determination of 

which raised and lowered the needle on the dip. The two faces of the needle 

its supports, and insured that the same are in succession turned towards the 

parts of the axis rested on the planes in observer, by reversing the position of 

each observation. the axis on its supports, in such a man- 

A small brass sphere traversed on a ner that the edge of the needle which is 
steel screw, was inserted in the lower edge uppermost in the one observation, be- 
of the needle, as nearly as possible m comes lowermost in the other. The 
the perpendicular to the index line pass- angles which the needle makes with the 
ing through the axis of motion ; by this vertical in these two positions being 
mechanism, the centre of gravity of the read, the mean of the tangent of those 
needle, screw, and sphere may be made angles is the co-tangent of the dip. 
to fall more or less below the axis of (309.) But when needles are used in 
motion, axscording as the sphere is which this previous adjustment has not 
screwed at a smaller or greater distance been made, or when its accuracy cannot 
from the needle, and according as be relied on, four observations are re- 
spheres of greater or less diameter are quired ; two being those that have been 
employed. The object proposed in thus already directed; and the other two 
separating the centres of motion and of being similar to them, but made with 
gravity, was to give.to the needle a force, the poles of the needles reversed, 
arising fi-o m its own weigh t, to assist Calling, then, the first arcs F and/; 

'•See Captain Sabme's Account o7 E«^nm«t. ^^^ ^J^f « ^j^^ -^ V^®!, \^Y^^ ^ *°^ 

to determine the figure of the Earth, p. 467. g> Cailmg the dip tf , and takmg 
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tang. P -f tang./ « A meter of the divided circle of the instru- 

tang. F — tang./ = B ment, ought to have coincided with the 

tang. G + tang. ^= C divisions 90° and 90° of the circle; 

tang. G - tang.fi- = D when they did not, the cones afforded. 

Then the dip may be calculated by the in this case also, the means of correct- 
following formula ;— ing the adjustment. 

-"^P -L S-G o ^^*„^„ i (313.) The dipping-needle aflords a 

B-f-D^B + D""^ cotang. i. method of determining the position of 

(310.) In reversing the poles, it is not the magnetic meridian, independently of 
necessary that the magnetic force im- thehorizontalneedle; for if we turn round 
parted to the needle should be the same the whole instrument horizontally (so as 
in degree as it possessed previously to to place it successively in different azi* 
the operation. The coincidence of the muths), till we find that in which the 
poles with the extremities of the longi- needle assumes an exactly vertical po- 
tudinal axis may always be insured by sition, the plane of its motion is then ex- 
adopting the precaution of placing the actly at right angles to the magnetic 
needle in a groove, to prevent its lateral meridian ; and the latter may therefore 
motion, and by confining the sides of be determined from the former, 
the ma^et by parallel strips of wood, (314.) By comparing the inclination 
so that in moving along the needle they of the dipping-needle to the horizon, in 
may preserve its direction. ' two different positions, such that the 

(3ll.) If the distance between the planes of its rotation are perpendicular 

centres of motion and of gravity be con- to each other, we may, by the following 

siderable, the arcs in the alternate ob- trigonometrical formula, deduce the dip. 

servations will be on different sides of If the inclinations, observed in the two 

the vertical, especially when the dip is azimuths, be represented respectively hy 

great ; in such cases the arcs to the 5' and J", and the dip itself (or the incli- 

south of the vertical are read nega- nation in the magnetic meridian) by ^, 

tively. The arcs in each of the four then, , 

positions, forming the data from which Cot. «J=cot. »y + cot. "y 

the dip is deduced, are the arithmetical By naultiplying observations of this kind 

means of several observations, usually in different azimuths, and taking the 

six, half of which should be made with mean of all, we may arrive at a very 

the face towards the east, and half with accurate determination of the dip. 

the face towards the west; the needle (315.) Mr. Scoresby has proposed an 

being lifted by the Y's and lowered gently ingenious method of finding the dip, by 

on its supports between each observa- observing the situation in which bar-iron, 

tion. The arcs indicated by both ends of void of permanent magnetism, loses all 

the needle should also be read, in order to power of affecting the compass placed 

correct the errors arising from inequa- at a certain distance from it ; for, as 

lity in the divisions, or from the axis of Mr. Barlow has ascertained, its position 

the needle not passing correctly through must then be in the plane of the mag- 

the centre of the circle. netic equator. The inclination of the 

(312.) In order to insure the perfect plane to the horizon is, of course, equal 

horizontality of the agate planes which to the complement of the dip. Mr. 

supported tne axis of the dipping-needle Scoresby has described an instrument 

on Mayer^s construction, employed by calculated for making this species of 

Captain Sabine, a spirit level was at- observation, in the Transactions of the 

tached to a circular brass plate, of the Royal Society of Edinburgh*, 

proper diameter to be placed upon the (316.) Other methods, of a nature 

E lanes themselves, with adjustments to somewhat more refined, exist for dis- 

ring it parallel to the plate. The covering the dip, which depend on the 

errors of the level were shown by placing admeasurement of the intensities of the 

the plate in various positions horizon- magnetic forces by which the needle is 

tally ; and the errors of the planes by urged in different positions of the axis 

turning the whole instrument upon its and plane of rotation. The magnetic 

horizontal centre. When these errors force derived from the influence of the 

were adjusted, and the planes and plate earth, and acting in the direction of the 

perfectly horizontal the apices of two dip, may be resolved into other forces, 

cones, which proceeded perfectly at which will bear to one another the same 

right angles from the plate uniting them ratios as the sides of the tria ngles 

at their base, and were equal to the dia- • Vol. ix. p. 247. 

G 



82 



MAGNETISM 



which represent theuL The angles of 
these trians;le8, the dip being one of 
these angles, may be determined by the 
tritronometrical relations of these lines 
when two of them are given. All that 
is required for this purpose is to ascer- 
tain the ratio of the forces which act in 
directions parallel to these lines^ and are 
proportional to them. Of the. methods 
by which the intensity of these forces is 
to be measured, we shall proceed to treat 
in the next section. 

§ 6. Methods of determining the inten- 
sities of the Magnetic Forces. 

(317.) When a magnetic needle isf 
moveable in any plane on an axis that 
passes through its centre of gravity, so 
that its movements are simply the ef- 
fects of the magnetic forces of the earth 
acting upon the two polarities of the 
needle (which may be considered as 
concentrated in its poles), it takes a 
certain position, whicn is that in which 
the forces are in equilibrium. Let 
needle SN, fig. 70, for example, b^ 
moveable on an axis at X, perpendi- 
cular to the plane of the figure ; and l^t 

Fig. 70. 




ration in any other position, as SN,we, 
must resolve the force represented by the 
line NE into two others ; the one, N a?, 
in the direction of the radius of rotation 
XN, prolonged ; and the other in the 
direction NR, perpendicular to it. The 
force N x, being opposed by the fixed 
axis at X, contributes in no respect to 
produce motion ; NR is the only part 
of the terrestrial force that turns the 
needle upon its axis. Now it is evi- 
dent that NR is to NE, as the sine of 
the angle NER, or its equal ENa?, to 
the radius; but the force represented 
by the line NE being a constant force, 
the rotatory force NR will, in every po- 
sition of the needle, be invariably as the 
sine of the angle ENrr, made by the 
needle, on its prolonged direction, with 
the direction of the terrestrial force. 
The same reasoning, in all respects, ap- 
plies to the force S e acting on the pole 
S ; but since it acts on the other side 
of the axis in a contrary direction, it 
will concur with the force acting on 
the pole N, in giving the same rotatory 
motion to the needle. The effect will, 
therefore, be equal to the sum of these 
two rotatory forces, and will be twice 
as great as either of them taken sepa- 
rately; and the resultant will still be 
proportional to the sine of the angle of 
mclination. 

(318.) A little consideration will en- 
able us to perceive that the condition of 
the needle, with regard to the magnetic 
forces, is analogous to that of a lever 
moveable on a horizontal axis, and 
acted upon by the force of gravity. If 
we suppose a straight lever, AB, fig. 
71, moveable upon an axisX, at right 
angles to it, to be raised from the ver- 
tical position a b, whiih is that of equi- 
librium, inasmuch as gravitation acts in 

Fig. 71. 
A .(I 
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NE be the direction in that plane of 
the' force of terrestrial magnetism acting 
upon the pole N ; while S e, opposite 
and parallel to NE, is the direction of 
the force in the same plane, acting upon 
the pole S. The position to which the 
needle is brought by these forces is * n, 
parallel to the common direction of 
these forces, when they are in direct 
opposition to each other, and therefore 
in equilibrium. In order to estimate 
the rotatory efficiency of the forces in ope- 
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that direction, and placed in the inclined 
position AB, it is well known that 
the rotatory action of the force of gra- 
vity acting upon all its particles is equi- 
valent to a single force acting upon a 
point, O, which is called the centre of os- 
cillation ; and also that, in order to esti- 
mate what portion of that force 0£ con- 
tributes to its rotation on its axis, we 
must resolve it into one in the direction 
O Xy and another in the direction O r, 
at right angles to it ; this latter force 
being in all cases proportional to the sine 
of the angle %0x^ or its equal BX6. 
The only difference between this case 
and the one we have been considering, 
is that here the force is single, whereas 
there are two forces acting upon the 
magnetic poles. 

(319.) These two forces being always 
precisely equal and in opposite direc- 
tions, perfectly balance one another 
with reference to any motion of the 
whole needle^ either towards or from the 
earth. This admits of experimental 
proof ; fdr, in the first place, were there 
any balance remaining in favour either 
of the attractive or repulsive forces 
emanating from the earth, the effect 
would be shown by an apparent change 
in the weight of the needle ; if, when 
magnetised, it were on the whole at- 
tracted to the earth, it would appear 
heavier than before ; if repelled, lighter. 
But no such change is observed to take 
place. Neither is there any tendency 
manifested in a magnetised bar to ^ 
lateral or horizontal motion. This may 
be proved by placing it at the end of a 
light frame of wood, AB, fig, 72, which 
is suspended at its centre C by means 
of a fine silk thread, T ; a weight, W, 

FiV. 72. 




being placed at the other end to act as a 
counterpoise to the magnet N S. When 
left to itself, it will be found that the 
whole apparatus will turn round until 
the direction of the needle coincides ex- 



a.ctly with the plane of the magnetic me- 
ridian, just as if it had been suspended 
by ifs own centre. Had there existed 
any force impelling it horizontally, it 
would have occasioned a deviation from 
this plane, acting as it must have done 
with the advantage of the lever AC. But 
the two equal forces acting differently 
upon the two magnetic poles, though 
opposed with respect to any motion of 
translation, yet concur in their rotatory 
action, and may, consequently, as far as 
relates to this action, be re^ardea ^ a 
single force of twice the mtenslty ^f 
either of them taken singly. 

(320.) It is evident, then, that the 
same dynamical laws which regulate 
the motions of a compound pendulum,, 
actuated by terrestrial gravity, will also 
regulate those of a magnetic needle, l)^,- 
lanced on its centre of gravity, and ac-? 
tuated by terrestrial magnetism, jhe 
same pendulum, it is well known, per« 
forms all its vibrations in equal times, 
whatever be the length pf the arc in 
which they are performed, provided 
that arc be not too great. If we esti- 
mate the length of a pendulum by the 
distance between its centre of motion 
and its centre of oscillation, then, in 
pendulums of different lengths, and in 
situations where the force of gravity is 
different, the sc[uares of the times oj 
performing a given number of vibra- 
tions are directly proportional to the 
lengths of the pendulums, and in- 
versely proportional to the force of 
gravity. Now the number of vibrations 
performed in a given time is inversely 
as the time employed in each vibra- 
tion ; therefore, the square of the num- 
ber of vibrations in a given time will be 
inversely proportional to the length, and 
directly proportional to the force of 
gravity. 

(321.) The same formula being ap- 
plicable to the vibrations of magnets, 
a very simple computation will enable 
us to arrive at an estimate of the com- 
parative forces acting on the same mag- 
net in different inclinations of the axis, 
s^nd in different situations with respect 
to the position of equilibrium in the 
plane of motion. "We have only to dis- 
turb it slightly from this position, and 
count the number of vibrations it makes 
in a p:iven time, a minute for example, 
in different cases: then, taking the 
squares of these numbers, they will b^ 
proportional to the intensities of the ter- 
restrial magnetic forces that are in ope- 
ration in these several instances. 

G2 
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(322.) The preceding reasoning is jVg.^ 73, 

founded upon the supposition that ^ '- _ 

the axis of motion passed accurately ,-''''' ^-/^^^**^*••^ 

through the centre of gravity of the /' ^^^ \ *\ |R 

magnet ; so that the effect of gravity ( 

was removed, and could not in any way 
interfere with the rotatory force of mag- '** . ^ 

netism. This, however, is a condition, ^ 

which it is next to impossible practically 
to fulfil ; and if it be not exactly fulfilled, 
then, whenever the centre of gravity is >| 

not in the precise line passing vertically ' 

through the centre of suspension, the NE the line of dip ; NR a horizontal 

effect of gravity is to impart to that line perpendicular to SN. The force 

side of the magnet, on which the centre NE is resolved into RE, perpendicular 

is found, a tendency to preponderate ; to RN, and which being out of the plane 

and its oscillations are no longer pro- of motion, and perpendicular to it, does 

duced by the simple action of the mag- not contribute to the motion of the 

netic forces, nor directed to the exact needle, and NR the horizontal force ; 

line of their action. The only method which latter is to NE as the cosine of 

of correcting this source of error, when the angle ENR is to the radius. This 

it is not very considerable, is to reverse force, NR, is constant in all positions 

the polarities of the magnet, and make of the needle in the horizontal plane ; 

a new set of observations on the inch- and acts always in parallel directions, 

nation and intensity in this state of the Its rotatory action, however, will, of 

magnet ; and then to take the mean of course, depend upon the deviation of 

the corresponding observations, which, the needle from the position of equili- 

in consequence of the compensation of brium, that is, upon the angle which it 

the opposite errors existing in the two makes with the plane of the meridian ; 

modes of estimation, will express the being proportional to the sine of that 

true value of the quantity sought. angle. The oscillations are therefore 

(323.) In order to compare the re- isochronous, that is, performed in equal 

suits of two sets of observations on times, whether the arc be large or 

magnetic intensity in different parts of small, like those of a pendulum ; and 

the world, it is necessary to employ the are governed by the laws above stated 

same needle in both cases ; since the as applying to those of pendulums ; and 

application of the various formulae ne- the same remark applies equally to the 

cessary to be employed for comparing oscillations of the dipping-needle per- 

the action of the same force on two dif- formed in the plane of tne magnetic me- 

ferent needles would be attended with ridian. 
great difficulty and uncertainty. (325.) When the position of the axis 

(324.) The oscillations of the com- of the dipping-needle is changed, so that 
pass-needle, which moves in a hori- the plane in which the needle moves is 
^ontal plane, furnish data for the calcu- no longer that of the magnetic me- 
lation of the intensity of that part only ridian, though still vertical, the force by 
of the terrestrial force which acts in that which it is actuated is in Uke manner to 
plane ; whereas those of the dipping- be estimated by that portion of the ter- 
needle, moving on a horizontal tixis and restrial force which, on being resolved, 
consequently m a vertical plane, when has the direction of that plane ; that 
that plane coincides with the magnetic portion which is perpendicular to the 
meridian, indicate the full amount of the plane being of no effect, 
force of the terrestrial magnetism at the Let the circle SANB, fig. 74, repre- 
place of observation. The ratio be- sent the plane of the motion of the 
tween these two quantities is that of the needle SN ; NE being the hne of dip, 
base and hypothenuse of a right-angled or the direction of the terrestrial forces, 
triangle, inclined at an angle equal to The force represented by NE may be 
the dip ; that is to say, the intensity of resolved into the two forces NV and 
the horizontal force is to the intensity NH, the one perpendicular to the ho- 
of the whole force as the cosine of the rizon, and the other parallel to it. Let 
angle of the dip is to the radius. Let the former be denoted by the letter v, 
SN, fig. 73, be the horizontal needle ; and the latter by h; and let us call the 
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Fig. 74. 




force of the earth e. Let S be the angle 
of the dip ENH, and d the complement 
of that angle, or ENV. 

Then by the properties of the triangles 
NVE, orNEH, wehave 

v = e cos. d; and h=e sin. d. 

(326.) The force v, being vertical, 
acts wholly in the plane of the needle's 
motion, SANB ; but the force h is out 
of that plane, and must be decomposed 
into two others; the one, HP, perpendi- 
cular to that vertical plane, and which we 
shall call y; the other NP, which we 
shall call a?, directed horizontally in 
that plane. The angle HNP is equal 
to the deviation of the vertical plane 
SANB from the magnetic meridian; 
let us call this angle a- 

We shall thus have 
y=h sin. a,\ and x = h cos. a; 
or, substituting for h its value as ex- 
pressed in the former equation, and 
joining the value of v, we have, 
v=e, cos. d. 
y=e, sin. e/. sin. tf . 

a?=tf, sin. rf, cos.a. 
Of these, the force y is destroyed, 
being resisted by the axis of motion ; 
and the forces v and x are those only 
which are effective in giving motion to 
the needle. Let R express the re- 
sultant of these forces, and (p the angle 
which it makes with a vertical line.. We 
shall have 

R«=a?«+v«; 

CD 

and tang. 0= — , 

V 

or, substituting for x and v their respec- 
tive values, as above found, 

R = e cos. d aJ I -\- tang. »rf, cos. 'a ; 
tana:. (p=tang. d, cos. «. 
C327.) From these equations many 



important consequences may be de- 
rived. 

In the first place we may deduce, that 
the intensity of the force R diminishes 
as the angle a, increases ; or in other 
words, as the plane of motion deviates 
more from that of the magnetic meri- 
dian. It is greatest when these planes 
coincide, being then equal to e; it is 
least when they are at right angles to 
one another, for then a =90°, and cos. 
a = 0, whence 

R=e. cos. d. 
(328.) The direction of the resultant, 
and consequently the position into 
which it brings the needle, also vary 
in the different azimuths in which it is 
placed. In proportion as the angle « 
increases, the cosine of that angle dimi- 
nishes ; and therefore the tangent of the 
angle 0, which expresses the an^le the 
resultant makes with a vertical line, 
also diminishes. Hence, in proportion 
as the plane of motion comes nearer to 
a position perpendicular to the magnetic 
meridian, me position of the needle will 
approach more nearly to the. vertical 
position ; and it is exactly vertical when 
its plane of motion has arrived at that 
situation. This ha,s been already no- 
ticed as affording a method of deter- 
mining the position of the magnetic 
meridian, independently of the hori- 
zontal needle (}313). 

(329.) We may deduce also the for- 
mula given in } 314, from the foregoing 
equations ; for when the two azimuths 
in which the observations are made 
differ by 90 degrees, the tangents of 
in the two cases will be respectively 
tang, (p' = tang, d cos. a, 
tang, (p" = tang, d sin. «. 
By taking the. squares of each term of 
these equations, and adding them, we 
obtain 

tang. *rf = tang. V + tang. *(p" ; 
which, when ^, y and i" express the 
angles of the dip, or the complements 
of dt 9» 8.nd (p", respectively, become 
cot. 2^ = cot, 8^ + cot. T. 
(330.) The same formula is derivable 
more simply from the following consi- 
derations : — 

Let XD, fig. 75, be the line of dip 
in the magnetic meridian; and let 
XVFA, XVG3, be the two vertical 
planes at right angles to each other. 
From D, draw the lines DF and DG, 
perpendicular to these planes ; and also 
FV and GV, perpendicular to XV. The 
lines XF and XG will be the positions of 
the needles in these planes, according 
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to the law already stated, $ 7S. Takinsc 
XV as radius, the lines VF, VG, and 




9 s sin. S ; 
• ^ V 

SITU.S = • 

e 
r : tf :: n« ; N»; 



But 

w - w ^ 

therefore iL = 2l 

e N« 



and 



sin. > = ^^. 



Vb are the tangents of the angles 
VXF, VXG, and VXD, respectively ; 
and in the risrht-anded triangle VHF, 

VD«=VF« + *'D«; 
that is (FD being = VG) 

VD«=VF«4-V(Gi«: 
or tang. «VXD= tang. «VXF-|. tang. 
•VXG; which is the formula above 
given. 

(331.) Oh the other hand, the deter- 
minations of the relative intensities of 
the magnetic forces in different planes 
furnish data for the computation of the 
angles which those planes make with 
the line of the dip, or the direction of 
terrestrial magnetism. Thus the amount 
of the dip may be determined by com- 
paring the number of oscillations in a 
given time made by the same needle, 
when vibrating in the plane of the mag- 
netic nieridian, and also in a vertical 
plane at rifi^ht angles to it. For the 
squares of these numbers being as the 
intensities o'f the forces which respec- 
tively act in these planes, and the force 
in the former case being to that in the 
latter as the radius to the cosine of the 
angle d, which the line of dip makes 
witn a vertical line, we obtain the latter 
by a simple proportion when the former 
are given. Resuming the notation be- 
fore employed, let e be the total terres- 
trial force acting in the plane of the 
magnetic meridian, and v that part of 
it which acts in a vertical plane at right 
angles to the magnetic meridian ; and 
let N and n express the number of os- 
cillations, in a given time, which the 
dipping-needle performs in these two 
planes respectively : v ^ e cos. d, or, d 
being the complement of ^; 



(332.) We shall give the following 
example of the application of these for- 
mulae to the observations of magnetic 
intensity, made by Humboldt, near 
Quito, exactly at the terrestrial Equa- 
tor, and at longitude 81° 2' west from 
Paris. The number of oscillations made 
by the dipping-needle vibrating in the 
magnetic meridian, during ten minutes, 
was 220; the number of oscillations, 
made in the same time, when it vibrated 
in a plane perpendicular to it, was 109. 
Substituting these numbers in the for- 
mula for N and n respectively, we ob- 
tain 

220« 48400 
From log. 11881 = 4.0748530 

Subtract log. 48400 = 4.6848454 

there remains log. sin. $ = 9.3900076 

whence we get S = 14° 12' 35''. 
The direct observation of the dip, by 
the dipping needle, was 

J = 14° 25' 5", 

the difference between the two methods 
being only 12' 30". 

(333.) The angle of the dip with the 
horizon may, in like manner, be ob- 
tained by comparing the relative inten- 
sities of the forces, as determined by the 
squares of the number of oscillations in 
a given time, executed in the plane of the 
magnetic meridian, and also in a hori- 
zontal plane : for they are in the pro- 
portion of the radius to the cosine of 
the dip ; or, if we call the number of 
oscillations made by the horizontal nee- 
dle V, while N is that made by the same 
needle, suspended as a dipping-needle, 
and placed in the plane of the magnetic 
meridian ; then 

cos. J = J!_ . 

(334.) Methods have been devised 
for determining the dip, from the result 
of observations made with the horizon- 
tal needle alone, by comparing its num- 
ber of oscillations with the weight of 
the counterpoise necessary for maintain- 
ing it in the horizontal position when 
magnetized. But the formula and mode 
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of computd,tion are much more compli- bar was replaced m the stirrup, and its 

cated than those we have given ; and horizontahty ascertained by its accord- 

we must therefore refer our readers for ance with the circle, the degree to which 

the details to Biot's Traits de Physique *. it settled being registered as the zero. 

(335.) The determination of the in- It was then drawn about forty degrees 
tetisity of terrestrial magnetism may, in out of the meridian, and retained by k 
general, be made with much greater copper wire passing through the glass 
accuracy, by observing the oscillations top, and capable of being moved in azi- 
pf a needle moving horizontally, than muth from its outside, and of being 
in any other way : because the mode of raised so as to release the needle at 
suspension we can employ for obtaining pleasure, in order to commence its os- 
a horizontal motion is much more deli- cillations. These were not noticed until 
cate, and much less impeded by friction, the arc had diminished to thirty degrees, 
than any other motion on a fixed axis when the registry of them commenced, 
can be. The greater duration also of and was repeated at the close of every 
the period through which the oscilla- tenth vibration, until the arc had still 
tions continue enables us to ascertain further diminished to ten degrees, when 
with greater exactness the average time the experiment was concluded. The 
of the vibration. Hence a silken sus- box was usually placed on the ground, 
pension is much to be preferred for in a sheltered situation, far from build- 
delicate experiments with horizontal ings, or other sources of local inter- 
needles, to that of balancing them on ference ; the only adjustment required; 
a point by an agate cup. besides that of the silk thread, was fO 

(336.) The following description of render the graduated circle horizontal, 
the apparatus used by Captain Sabine, which was accomplished by a pocket 
in the voyages to the arctic regions in spirit level, and wooden wedges placed 
the year 1822 and 1823, may furnish beneath the box. 
valuable practical information to those (377.) Six bars were used in this ap- 
who may hereafter conduct experiments paratus, differing from each other con- 
of the same nature t. A mahogany siderably, both in rapidity of vibration, 
box was provided, made, for convenience, and in the duration of the interval of 
of an octagonal shape, with a top of oscillation between thirty and ten de« 
stout glass ; its height was fifteen grees. They were seven inches long, i 
inches, and its diameter sufficient to quarter of an inch broad, 0.15 inches 
allow a horizontal bar of seven inches thick, and strongly magnetized. When 
in length to vibrate freely when sus- not in use, they were kept in pairs, in 
pended by a silk line passing through a the usual manner, as described in ^218, 
brass button, inserted in a perforation /^. 60, being combined, with their op- 
in the middle of the glass top. A metal posite poles united, in separate boxes j 
circle, fixed in the bottom of the box, and each bar was placed by itself in the 
of rather more than seven inches dia- direction of the- meridian for two or 
meter, measured the arc of vibra- three hours before its time of vibration 
tion. The bar was carried in a light was ascertained. The times were re- 
stirrup, into which it was slid until cor- gistered to fractional parts of a second 
rectly balanced. The silk thread, from by the beats of a chronometer, having 
which the stirrup was suspended, was a rate inappreciable in the interval, 
fifteen inches long, and consisted of a (338.) It should be observed, how- 
sufficient number of silk fibres to sus- ever, that comparative experiments on 
tain the weight. In order to remove magnetic intensities, made by the oscil- 
aU influence from the tendency in the lations of needles balanced horizontally, 
silk to untwist, a brass bar, equal in are liable to a source of error when 
weight to the magnetic bar, was first they are made in places in which the 
introduced into the stirrup in place of dip is considerably different. For oiie 
the latter, and the silk thread allowed to o^^ the poles having a tendency to in^ 
untwist itself, and then adjusted by cline below the horizon, the axis of 
turning the button in such a manner as suspension must, in order to compen- 
that the brass substitute should settle, sate for this tendency, pass through a 
when at rest, in the magnetic direction, point on that side of the centre of gra- 
This being now removed, the magnetic vity, so as to give an equal prepon- 
—^' — .. der ance to- the other side. Hence arises 

4 Acc^un J" Jf' experiments to determioe tlie figure *! difference between the two arms of 

of the earth, p. 477. the lever, and consequently a difference 
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in the effect of the force applied to by these long intervals of time, it would 

them. This circumstance has escaped probably be necessary to ma^etize 

the attention of the most skilful ob- them afresh, employing for that purpose 

senrers, although it is of sufficient im- the most efficacious methods, so as to 

portance to destroy all confidence in the induce a degree of magnetism which 

comparison of experiments made in shall at first be considerably greater 

places where the dip is very different *. than what they are capable of retaining 

(339.) We have seen the method by permanently. When left for a certain 

which the amount of the dip may be time to themselves, they will then return 

determined from the comparative inten- to their natural state of saturation, and 

sities of magnetic force in the plane of in this state thejr may be subjected to 

the magnetic meridian, and in the hori- the experiments in question. Our as- 

zontal plane. It is easy to see how, by surance of their attaining this determi- 

reversing the process, we may arrive at nate degree of magnetism may be in- 

the knowledgje of the force of terrestrial creased by preserving a great number 

magnetism in the magnetic meridian, of needles. Drought to this state, and 

from observations of the intensitjr in the noting their respective powers ; which 

horizontal plane, when the dip is pre- records may afterwards be compared 

viously known ; for we have only to with similar observations made at a 

augment the former in the proportion future period; for if they should be 

of the cosine of the dip to the radius : found to have preserved among each 

or, what comes to the same thing, to other the same relativedegree of strength, 

multiply it by the secant of the dip. we may confidently conclude that no 

For since alteration has taken place in their mag- 

^__ v^ _._A^ . netic constitution, and that they are well 

M« g ' adapted to the determination of the ab- 

it follows that solute force of terrestrial magnetism. 

h _ j^ ^ (343.) If a method could be dis- 

^- ^~" ^' ^^^' o covered of obtaining a material for the 

r«, ^^^'^ making of magnets of perfectly uniform 

(340.) The method of oscillations is composition and qualities, there would 

not the only mode of determining the ^ ^^ necessity to employ in this com- 

intensit)^ of magnetic forces ; for the parison the same identical magnets at 

same object may be attamed by employ- ^^e several times of observation. Steel 

mg the balance of torsion : but m gene- ^^^^ evidentiy be unfit for the purpose, 

ral the former method is, on many ac- j^^ composition being necessarily varia- 

counts, preferab e. , * *u ble. Nothing would answer so well as 

(341.) It would conduce much to the -^^^ ^^^^^^ ^^^ch might be obtained in 

future advancement of the science of ^ ^^^^^ ^^ f^^.^ -^ . proper che- 

Magnetism, if the absolute intensity of ^^^^ processes; for Colilomb found 

the terrestrial magnetic forces could be ^^^^ -^^^^^ however soft, may be 

ascertained by a standM;d equally deter- rendered nearly as retentive of magnet- 

mmate as those by which we estimate -^^^ ^ ^^^^^^ ^y merely twisting it. All 

the atmosphenc pressure, or the tem- ^j^^^ ^^^^ ^^^^ ^^ necessary, would be 

perature of different climates ; for by ^^ j^^^ ^^^ ^ ^^ twist, so that 

repeating the same process of obserya- j^ ^^j^^ ^ constantly the same for c^f- 

tion.inthecourseofsuccessivecenturies, ferent pieces of iron: this mii^ht easily 

we might learn, whether the intensity ^^ accomplished, by taking them exactly 

of these forces experienced any variation ^^ ^^^ ^^^^ dimensions, and measuring 

similar to what we know takes place ^^ ^^n^^er of turns in the twist given 

''^^^Ifi^ rJl \u J u- u rs ^ to them. Each of the bars might then 

(342.) The method which first sug- y^^ magnetized to saturation, and em- 

gests Itself, would be to observe the pioye? either separately or in defined 

variation the dip, und the. intensity, by Combinations, and their magnetic forces 

means of three need^s. respectively ap- examined, both by the torsion balance, 

propriated to these objects, and carefully ^^^ ^ ^^^ ^^^hod of oscillations*, 

preserved, with a view to a repetition of ^3^^ p^^^^^^ ^^ ^^^ attempted to 

the same experiments at distant periods ^^^^^^^ ^^^^ ^xoh\tm by considerations 

of time. As It is possible that their of a mathematical nature, for which we 

magnetic power may become impaired ^^^ ^^^^^ ^^ ^:^ ^g^^- ^^^ ^^ ^^e 



« PouiUet, Elemen* de Phyaique Experimentale «, . ^ ^ „. . 

tom. i. p. 48iU ^ ^ r ^ ^^^ Trait< de Physique, torn, m., p. 144. 



MAGNETISM. 89 

r 

Academy of Sciences at Paris, in Nov. found means to make ten experiments 

1825, and of which an account is con- in the course of the voyage, and at dif- 

tained in Pouillet's El^mens de Phy- ferent altitudes. The conclusion they 

sique *• deduced from the average of all their 

. r ar • observations is, that the magnetic force 

J 7. Expenments on the Magnettc experiences no appreciable diminution 

Intensities at diferent Heights above at any distance from the surface of the 

the burface of the Earth. earth, as far as 4000 metres, or 13,124 

(345.) In the year 1804, Messrs. Gay- ^et. 

Lussac and Biot undertook, at the de- (346.) Many important facts relating 

sire of the French government, an aero- to this question have lately been estab- 

static voyage, expressly for the purpose listed by M. Kupffer, in the course of 

of ascertaining whether the magnetic a journey to the neighbourhood of 

force experiences any perceptible dimi- Mount Elbrouz, m the Caucasus, under- 

nution at considerable elevations above taken by order of the Emperor of Rus- 

the surface of the earth. De Saussure 8ia» i^^ the year 1829, and of which an 

had inferred, from some experiments account has been given in a paper pub- 

which he made 'on the Col du G6ant, listed in the Memoirs of the Imperial 

near Mont Blanc, the height of which Academy of Sciences of St. Petersburgh*. 

is 3435 metres (about 1 1,270 feet), that M.Kupfferfound that the mtensityof ter- 

the magnetic force of the earth was re- wstrial magnetism really decreased as he 

duced to four-fifths of what it was in the 'ose above the level of the sea ; and that 

plains below. The instrument with this decrease was much more considerable 

which he made these experiments was than is conformable with the commonly 

simply a magnetic needle, suspended by received hypothesis of a focus of mag- 

a very fine silk thread. Messrs. Gay- »etic forces situated at the centre of the 

Lussac and Biot carried with them a globe. He even thinks that the experi- 

needle, carefully constructed by Fortin, ments of Gay-Lussac and Biot, m the 

and magnetized by Coulomb, according voyage just mentioned, should have led to 

to iEpinus's process. No iron was the same conclusion, because, although 

allowed to enter into the construction they could not detect any difierence 

of the car of the balloon ; the only arti- in the apparent intensity, yet since the 

cles of iron they carried with them, were temperature of the elevated regions of 

a few knives and a pair of scissors, the atmosphere m which they made their 

whichwere suspended in a basket below observations is exceedingly low, it is 

the car, at a distance of from twenty-five probable that the magnetic power of 

to thirty feet, so that they could have the needle itself was greater than in the 

no sensible influence on the magnetic warmer atmosphere at the surface of 

needle. The continual rotation of the the earth ; so that, unless the terrestrial 

balloon on its axis, during its ascent, ^rce had really diminished, an increase 

seemed at first to present an insupera- of magnetic intensity would have been 

ble obstacle to their observing the oscil- apparent, and would have been indicated 

lations of the needle. But, by bringing ^y the increased frequency of the vibra- 

themselves in a line with terrestrial ob- tions m a given time. As this increased 

jects and the sides of the clouds, they frequency was not observed to take 

perceived that they did not always turn place, M. Kupfier concludes that the 

round in the same direction, the rotatory force of terrestrial magnetism is, in fact, 

motion gradually decreasing, and then less at the height to which they had 

taking place in a contrary direction. By reached, than it is at the surface of the 

watching the short intervals during earth. It is certain that, in all ex- 

which they remained stationary between periments of this kind, the temperature 

these opposite motions, they were ena- should be accurately noted, as consti- 

bled to observe five, or at most ten tutmg an essential element in the rea- 

oscillations at a time ; they were obliged, sonings to be founded on them t. 

however, to be very careuil not to agi- CnAPTEk VII. 

tate the car, for the slightest motion, q. ^j^ Magnetism of Bodies that are 

such as that produced bv letting the gas -^ "« ^^ ferniinous. 

escape, or even that of the hand m writ- ,„^*, v th. ^ x a j li. ^ 

ing,wa5 sufficient to turn the baUoon ^ (347.) It has long been suspected that 

aside. With all these precautions, bes ides iron, other metalhc substances 

which required a great deal of time, they • For isao. p. 69. 

t Sec Journal of the Royal InstitutioB^ vol, 1. p. 

•Torn.!., p. 494. 610. 
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are capable of exhibiting; magnetic phe- its being entirely void of magnetism *. 
nomena. Nickel, and also cobalt, have We have seen, in the case of brass, that 
occasionally been found obedient to the two ingredients, which in themselves, 
action of the magnet ; and sometimes to when separate, are devoid of magnetic 
possess considerable degrees of polarity, susceptibility, acquire that property by 
Brass, which is a compound of copper combination. Mr. Hatchet ascertained 
and zinc, has likewise been observed to that a large proportion of either carbon, 
be magnetic under certain -circum- sulphur, or phosphorus, combined with 
stances, especially after it has been ham- iron, enables it fully to receive and to 
mered. Cavallo states * that, when retain the magnetic properties : but that 
quite soft, brass has generally no per- there is a limit beyond which an excess 
ceptible degree of magnetism ; and even of either of these substances renders the 
those pieces which have acquired this compound totally insusceptible of mag- 
property by hammering, again lose it by netism +. On tne other hand, instances 
annealing or softening in the fire. He occur where the admixture of the mi- 
seems to have ascertained that the mag- nutest quantity of another body will 
netism acquired in the former state, is entirely destroy the magnetic power of 
not owing to any particles of iron or a metal possessing that power when in 
steel imparted to the brass by the tools a pure state. Mr. Chenevix found that 
employed in the hammering; and that the addition of arsenic, in very small 
those pieces of brass which have that proportion, deprived a mass of nickel, 
I)roperty retain it without any diminu- which had previously manifested strong 
tion after having been hardened and magnetic power, of the whole of its mag- 
softened several times in succession. If netism J. Dr. Matthew Young states 
one end only of a large piece of brass be that the smallest admixture of antimony 
hammered, that end alone is rendered is sufficient to destroy the polarity of 
magnetic. He found, however, that the iron §. 

magnetic power which brass acquires by (350.) In the mineral kingdom a great 

hammering has a certain limit, beyond variety of substances, and even some of 

which it cannot be increased by further the precious stones, as the emerald, the 

hammering ; and that this limit is dif- ruby, and the garnet, exert a feeble yet 

ferent in pieces of brass of different sensible attraction on the magnetic 

quality or thickness. needle ; and sometimes even acquire a 

(348.) Cavallo next examined various slight degree of polarity ||. 

pieces of copper by means of a delicately (35 1 .) Later inquiries appear to have 

suspended needle ; but never found them established the fact that all bodies what- 

magnetical, except occasionally in those soever are, in a greater or less degree, 

parts where a file had been applied, and susceptible of magnetism. We owe this 

where, consequently, some particles of discovery to Coulomb, who exhibited his 

steel, detached from the file, may have experiments in proof of it at a sitting of 

adhered to the copper. On hammering the French Institute, in 1802. Tiie 

other pieces, both in the usual way, and bodies examined were cut into small 

also between flints, he failed in obtain- cylinders, or bars, about a third of an 

ing any decisive result. Zinc, whether inch in length, and about the thirtieth 

hammered or not, showed no sign of of an inch in thickness : but those which 

magnetism whatever. Platina was found were metallic were formed into needles 

to possess a degree of magnetic power of about the hundredth of an inch in 

nearly equal to that of brass. diameter. Each of these cylinders was 

(349.) The magnetic power of brass suspended by a thread ofraw silk, which, 

is sometimes so considerable as to in- being exceedingly fine, could scarcely 

terfere very sensibly with the movements support more than from 100 to 150 

of the needle in compasses, in the con- grains without breaking : on this ac- 

struction of which brass is empbyed. count it was necessary to reduce the 

A remarkable instance of this is given needles to very small dimensions. They 

by Mr. Barlow f. Seebeck has recom- were placed, when thus suspended, be- 

mended an alloy of two parts copper tween the opposite poles of two steel 

with one of nickel, as admirably adapted • 

for the manufacture of compasses, from T ^"?1*^®^?? ^te*^'^*'' ^?^' c ^oi^A oie 

^ t Philosophical Transactions for 1804, p. 315. 

— NichoUon's Journal, 8vo. vol. iii. p. ii87. 

• Philosophical Transactions for 1786, p. 62; aud § Seebeck discovered that an alloy of one part 

also in his Treatise on Magnetism, iron with four parts of antioiony exercised no power 

t Essay on Magnetic Attractions, second edition, over the magnetic needle, even when in luotion. 

p, 17. I Cavsllo's Treatise on Magnetism, p. 73» 
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magnets, arranged in the same line, and 
separated about a quarter of an inch 
more than the length of the needle that 
was to oscillate between them. What- 
soever was the substance of which the 
needles were formed, they always ranged 
themselves accurately in the direction of 
the magnets ; and if disturbed from this 
position, returned to it with oscillations, 
which were often as frequent as thirty 
or more in a minute, and considerably 
more frequent than when the magnets 
were removed: thus indicating a very 
decided force of attraction. Needles 
made of tin, lead, copper, silver, and 
gold, and cylinders of glass, chalk, bone, 
and different sorts of wood, together 
with a great variety of other organic 
substances, both animal and vegetable, 
were tried in succession, and with the 
same result. 

These experiments were repeated in 
England, by Dr. Young, at the Royal 
Institution, but with less decided suc- 
cess: the force of attraction indicated 
was estimated at rather less than the 
two- thousandth part of the weight of the 
substance employed. 

(352.) There are but two ways of ex- 
plaining these phenomena: they are 
either owing to the presence of miniite 
quantities of iron entering into the com- 
position of all the bodies which manifest 
maa^netic properties, or else they war- 
rant the inference that all these bodies 
possess a certain degree of inherent 
magnetism. If the former mode of ex- 
planation be the true one, we shall be 
forced to admit that iron may exist in 
bodies, in quantities so minute as to 
elude detection by the severest chemical 
examination, and yet have sufficient 
power to be sensibly affected by a mag- 
net. A set of very delicate experi- 
ments was undertaken by Coulomb 
with a view to determine this point : in 
the course of which he satisfied himself, 
that a smaller quantity of iron than can 
be discovered by any chemical test yet 
known, will, when added to a body, impart 
to it a very decided magnetic suscepti- 
bility. This is the case when a metal 
contains only the 130,000th part of its 
weight of iron. The magnetic powers of 
different specimens of metals were found 
to differ materially according to the 
methods employed for their purification. 
Hence he concluded that the greater 
part, if not the whole, of the effect ob- 
served, is to be ascribed to the presence 
of iron. So confident was he of the truth 
^ ot this theory, that he imagined the 



magnetic action of all substances might 
safely be taken as a criterion of the pro- 
portion of iron they contain. 

(353.) On the other hand, the indi- 
cations of magnetic power given by 
nickel and by cobalt are far too con- 
siderable to be accounted for by the 
agency of any ferruginous admixture. 
Biot was in possession of a needle made 
of nickel, which Thenard had exerted 
all his chemical skill in rendering as 
pure as possible : the directive force of 
this needle, when magnetized, was not 
less than 9ne-third of a similar needle 
made of steel *. Now the proportion of 
iron which, if added to the nickel, would 
be required to impart an equal degree of 
magnietic power, is far beyond what can 
ever reasonably be supposed to enter in- 
to the composition of nickel so purified. It 
is certainly just possible that nickel may 
be a compound metal, containing iron 
as one of its ingredients ; but we are not 
justified in admitting an explanation, so 
extremely hypothetical, especially as 
there are other facts besides those al)ove 
mentioned, which tend strongly to cor- 
roborate the universality of magnetism. 
Of this nature are the evidences of an 
influence exerted by bodies not reputed 
magnetic, in controlling the oscillations 
of a magnetic needle placed in their im- 
mediate vicinity; and also the pheno- 
mena of the mutual influence exerted 
between these bodies and magnets, when 
the one is revolving rapidly, in exciting 
sympathetic rotation in the other. These 
very curious phenomena will be de- 
scribed in the ensuing chapter. 

Chapter VIII. 

On the Magnetism qf dotation, 

(354.) Considerable light has lately 
been thrown upon the question of the 
universality of magnetism, by the dis- 
covery of the unexpected eft'ects which 
result from the reciprocal action of 
magnets upon other bodies, when 
the one or the other is maintained in a 
state of rapid rotation. In the year 
1824 M. Arago showed that if a plate 
of copper, or of any other substance, be 
placed immediately under a inagnetic 
needle, it exerts sufficient influence upon 
its movements to diminish sensibly the 
extent of its oscillations, without, how- 
ever, affecting their duration ; and the 
needle is brought to rest in a shorter 
time than happened when no such sub- 
stance is placed under it. The con* 

• Traite 4e Phymqae, torn, iii., p. 1S6. 
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verse of this experiment was attended verting the motion of the shell, an equal 
with still more striking effects. When and contrary deflection took place. But 
a plate of copper, for example, is made although numerous trials were made 
to revolve with a certain velocity under under various circumstances, the law of 
a magnetic needle, supported on its the phenomena could not be deduced 
centre, and contained in a vessel closed until the influence of the earth^s action 
on all sides, the needle is found to de had been neutralized by means of other 
viate from its natural position in the magnets perfectly adjusted. All the ano- 
magnetic meridian ; and the deviation malies before met with now disappeared, 
is greater in proportion as the rotation and the following law was rendered ma- 
of the plate is more rapid. If the ra- nifest. When the needle and ball are 
pidity of revolution be sufficiently great, both in the same horizontal plane, 
the needle will be brought to revolve whatever may be the direction of the 
also, and always in the same direction axis of rotation of the ball, if its mo- 
in which the plate is made to re- tion at its upper part be made towards 
volve *. The experiment was varied in the needle, the north pole of the latter 
the following manner : — A circular plate will be attracted ; and if the contrary 
of copper, balanced on a point at its way, repelled. Hence he concluded, 
centre, was placed immediately under a that when an iron body is put in rapid 
strong magnet, to which a rapid rota- rotation on any line not coinciding with 
tory motion was given ; the copper- its magnetic axis, a temporary derange- 
plate soon began to turn in the same ment takes place in its magnetic powers, 
direction, and acquired by degrees a equivalent in effect to the influence of a 
very rapid velocity of revolution. It new axis of polarization, perpendicular 
was found, also, that the oscillations of to the planes passing through its axes 
a copper-plate in a vertical plane, when of rotation and of ordinary polarization, 
suspended by an axis which passed at a (356.) The next series of experiments 
small distance from its centre of gra- on this subject are those of Mr. Chris- 
vity, were much impeded, and soon de- tie*, who ascertained that a plate which, 
stroyed, when the plate was inserted be- in a ^iven position, produced a certain 
tween the two poles of a very powerful deviation of the compass, no longer pro- 
horse- shoe magnet. M. Arago was of duced the same deviation, after it had 
opinion that these phenomena are inex- been carried round one entire revolution 
pucable upon principles of ordinary in its own plane, although brought to 
magnetism, and considered them as the rest, and every part of the apparatus re- 
effects of some hitherto unknown power stored to its former place. This change 
in nature. But subsequent inquiry in the directive power of the plate, pro- 
seems to render it probable, that they duced by rotation, was greatest when its 
are all reducible to the operation of plane was parallel to the line of dip, and 
known laws of magnetism. at the same time as little inclined to the 
(355.) Mr. Christie having observed horizon as this condition would allow ; 
a permanent change in the magnetism or, in other words, when the axis of ro- 
of an iron plate m consequence of a tation was in the plane of the magnetic 
mere change of position on its axis, it equator, and also in a vertical plane, 
occurred to Mr. Barlow that this that is, in the magnetic meridian. Hence 
change would be increased by rapid he deduced a law which may be thus 
rotation. But on trial this was found expressed : — If we conceive a dip- 
not to be the case, the effect pro- ping-needle to lie in the centre of an 
duced being merely temporary. The imaginary sphere, having an equator 
first experiments were made with a situated in a plane intersecting perpendi 
mortar-shell fixed to the mandril of a cularly the direction of the dipping- 
powerful turning lathe, worked by a needle, and a circular plate of iron to be 
steam-engine. When the baU was naade placed with its centre in the surface of 
to revolve at the rate of 640 times in a that sphere, its plane being a tangent to 
minute, the needle was deflected several that surface, when the plate revolves, 
degrees from its natural position, and the effect of its revolution upon the dip- 
there remained stationary during the ping-needle will be such that each side 
motion of the ball; whenever the rota- , of the equator of the latter (that is, the 
tion ceased, the needle immediately re- portion of the equator which is situated 
turned to its original situation. On in- in a line at right angles to the line join- 
ing the centres of the needle and plates) 

• Balletia UniTersel, voU iii,, p. SS8; Annales ^ . — rz, :: ; — TTZ: «.« 

de Chimie, xzyiii., 335. Philotophical Trant acUons for 1886, p. 3*7. 
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will be deflected in a direction contrary according as the one or the other of 
to the direction in which that edge of these two methods was employed, were 
the plate which is nearest to it moves, the reverse of each other ; although the 
The deviations of the horizontal needle same order was assigned to all the other 
may be easily deduced from this law, b^ bodies by both methods, 
reference to the motions of this imagi- (359.) On trying the effect of the in- 
nary dipping-needle, for they will be terposition of different bodies as screens, 
such as tend to bring them into the in cutting off or modifying the influence 
same vertical plane with the latter, of the rotating bodies, they could not 
which is the situation in which it makes detect any interceptiye power, except, 
the nearest approach to its line of direc- as might be ex|)ected, in the case of an 
tion. iron plate, which, when of sufficient 

(357.) The investigation of this cu- thickness, completely destroyed all per- 
rious subject was further prosecuted by ceptible effect from rotation. 
Mr. Babba^e and Mr. Herschel, who, (360.) The magnetic energy deve- 
in conjunction, undertook to verify M. loped by rotation was found to be much 
Arago's experiments ♦. After a few diminished by any interruption of con- 
trials they succeeded in causing a com- tinuity in the plate which was acted 
pass to deviate from the magnetic me- upon. This fact had previously been 
ridian, and finally to revolve, by placing noticed by Arago ; but the experiments 
under it plates of copper, zinc, or lea^ of Mr. Babbage and Mr. Herschel have 
which were put into very rapid rotation, verified it in more detail, and have added 
In order to obtain more visible and re- the curious circumstance, that re-esta- 
gular effects, however, they found it blishing the metallic contact with other 
necessary to reverse the experiment, by metals, restores, in a great measure, the 
setting in rotation a powerful horse-shoe force which had been lost by the divi- 
magnet with its poles uppermost, the sion of the substances ; and this hap- 
line joining them being horizontal, and pens even when the metal used for sol- 
its axis of symmetry being placed verti- dering has, of itself, but a very feeble 
cally ; while a circular disc of the sub- magnetic power ; thus affording a means 
stance to be examined was suspended of magnifying weak degrees of magnet- 
over this magnet. The disc was found ism. The reduction of the metals to 
to follow the motion of the magnet with filings, or to powder, was found to pro- 
various degrees of readiness, according duce a still more remarkable diminution 
to the substance of which it was made, of their magnetic energy. The law of 
They obtained in this way signs of diminution of force by increase of dis- 
magnetic susceptibihty from copper, tance was next investigated ; but it 
zinc, silver, tin, lead, antimony, mercury, appeared to follow no constant progres- 
gold, bismuth, and carbon, in that pe- sion according to any fixed power of 
culiar metalloid state in which it is the distance, but to vary between the 
precipitated from carbonated hfydrogen square and the cube, 
in gas-works. Great care was taken, in (361.) The explanation of these cu- 
the case of mercury, to secure the ex- rious phenomena has been attempted 
elusion of iron. In other bodies which on the following principle — namely, that 
were tried, such as sulphuric acid, in the induction of magnetism, time en- 
rosin, glass, and other non-conductors, ters as a necessary element ; or, in other 
or imperfect conductors, of electricity, words, that a certain appreciable time 
no positive evidence of magnetism was is required both for the acquisition of 
obtained. magnetic polarity, communicated by 

(358.) They next endeavoured to de- induction from a magnetized body, and 

termine the comparative intensities of for its loss, when the body in which it - 

action of these different bodies. Two has been induced returns to the neutral 

methods were used for this purpose; state by the subtraction of all extraneous 

first, by observing the deviation of the influence. 

compass over revolving plates of great (362.) In order to trace the operation of 
size, cast to one pattern ; and, secondly, this principle, let us conceive the north 
by the times of rotation of a neutralized pole of a magnet to move horizontally, at 
system of magnets suspended over & little distance above a plate of metal, 
them; and it is remarkable, that the or other substance, having a very low de 
places of zinc and copper in the scale, gree of magnetic susceptibility, and also 
_ a very low degree of retentive power. 

* PhUoMphical Transactions for 1885, p. 46?. The points OVer which it passes in SUQ- 
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cession wiu not instantly receive bU the produced nearly a uniform circle of 
magnetism which the magnet is capable southern polarity, whose equal and con- 
of exciting in them ; their state of maxi- trary actions on the needles would de- 
mum polarity, therefore, will not be at- stroy one another, 
tained until the magnet has passed for (363.) Plausible as this theory may 
some small distance beyond them. Nei- appear, it is yet embarrassed with many 
ther will they lose their polarity at the serious difficulties. It does not give any 
same instant that the magnet is still satisfactory explanation of the mode in 
further removed. Thus, from both which an attractive force, resulting from 
causes, there will always be, in the rear induction, between one pole of a magnet 
of the magnet, a space both more ex- and the consequent polarity of the ad- 
tensive and more strongly impregnated jacent parts of a piece of copper — a force 
with the opposite polarity than m ad- which is so feeble as not to produce any 
vance of it. Hence, there will arise an sensible effects when both these bodies 
oblique action between the pole of the are at rest— is immediately so greatly 
magnet and the opposite pole of the increased on their separation and conti- 
plate, thus lagging behind it, which will nued removal from one another, so as 
urge it to move in the direction of the to occasion a very considerable motion, 
magnets motion. The development of The force producing that motion is, 
the more distant polarity, similar in accorduig to the theory, an attractive 
kind to that of the magnet, being more force ; but Arago has shown that the 
diffused, that pole will be both weaker general resultant of all the forces, which 
and less oblique in its action, and will opjerate between the pole of the magnet 
be much inferior in power to that of the and the plate, is a repulsive force, with 
nearer attracting pole. It is evident relation to the line perpendicular to the 
that the converse will also be true when surface of the plate. The following ex- 
the magnet is at rest, but free to move periment proves this : — Suspend a long 
horizontally ; and when the different magnet by a thread, in a vertical posi- 
parts of the plate are passed in succes- tion, to tlie beam of a balance, and coun- 
sion under it, the latter will tend to drag terpoise it by w.eights on the opposite 
the former after it with a velocity con- side ; if the plate be then revolved 
tinually accelerating, till they move on under the magnet, the equilibrium will 
together with the same velocities. It is cease, and the magnet will rise, or ap- 
also manifest, that the greater the rela- pear to become lighter, indicating its 
tive velocity, the more will the pole, de- repulsion from the plate* 
veloped in the plate, lag behind the mag- (36.4.) The latest experiments on this 
net, or the magnet (in the reverse case) subject are those of Mr, W. S. Harris, 
lag behind the pole; the more oblique, of Plymouth, of which he communicated 
therefore, will be the action, and the an account to the Royal Society, in June 
greater the velocity produced. The 1830f. Finding that the vibrations which 
application of these principles to circu- attend bodies in rapid rotation are pro- 
lar motion, or to the rotation of plates, pagated to a remarkable extent along 
is sufficiently obvious ; but in this case, the solid parts of the apparatus by which 
if the velocity be excessive, compared a magnetic needle is suspended, and that 
with the retentive power of the revolving they are also conveyed to great distances 
substance,the latter may have completed by the surrounding air, even when 
a revolution before there has been time highly rarefied, he took great pains to 
for its being affected to a degree suffi- obviate these two sources of fallacy, 
cient to occasion motion in the magnet; He accordingly conducted all his expe- 
the induced polarity will then be weak- riments in an exhausted receiver, the 
ened, and its effects rendered insensible, parts to be acted upon being effectually 
This diminution of the total effect by a secured frjom the influence both of vi- 
more general diffusion of polarity was brations from solids and of aerial vor- 
imitated by sticking a great number of tices. He conceives that, in general, 
magnetized needles, vertically, through a sufficient care had not hitherto been 
light cork circle, having their north poles taken to eliminate these several causes 
downwards, so as to form a coronet of of error, and that we cannot repose that 
magnets. This apparatus, suspended implicit confidence in the conclusions 
centrally over a revolving copper disc, deduced from them which is required in 

was not sensibly affected ; for the poles ■ 

of all the magnets, acting in rapid sue- . .,, ♦ Annaies de Chimie. xxxii. 213. 

cession upon^aU the points below them, j}J^%^^,jim^^^ '" ""' Phiio«>phic.i 
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a subject of so delicate a nature. He all matter, though possessed, in various 
finds that the influence of a rotating degrees,by different kinds of substance; 
body on the magnet is real, but more and that, m order to render it sensible, 
feeble than had previously been ima- it is only requisite to employ them in 
gined ; and that the law of intensity of masses proportionate to their respec- 
action is directly as the rapidity of ro- tive magnetic susceptibilities. Lead, for 
tation, and inversely as the squares of example, which has a weaker magnetic 
the distances between the attracting susceptibility than copper, must be em- 
bodies, ployed in a larger mass in order to pro- 

(365.) From some experiments ^hich duce an e(][ual effect. By an extension 

Mr. Harris lately exhibited at the Royal of this principle, it would require a 

Institution of London, it appears, that § thickness of above thirty feet of ice, in 

majjnetic needle, partly neutralized with order to render its interceptive power 

regard to the earth's action, and made sensible. 

to vibrate while surrounded by a mas- (368.) It is not necessary, however, 

sive ring of copper, or other substance that the substance which exerts this 

of very weak magnetic energy, had its controlling power over the action of a 

oscillations sensibly repressed by the revolving magnet should be actually 

presence of that substance, and that it interposed between the magnet and the 

arrived much sooner at a state of rest metallic disc. Mr. Harris found that, 

than when the ring was removed. The in the case of iron, a mass of that 

magnetic influence of rotating bodies metal, when placed very near to that 

was found to be intercepted by a va- surface of the magnet most distant from 

riety of substances interposed between the disc on which it was acting, had the 

them. ^ effect of neutralizing its power. With 

(366.) His last communications to regard to non-ferruginous bodies, it is 
the Royal Society contain an account of very difficult to render this influence 
experiments tending to show that every sensible, unless they are interposed in 
substance susceptible of magnetism by the direct line of action, 
induction, when mterposed as a screen, (369.) The temporary induction of 
tends to arrest the action excited bv a magnetism may be conceived as taking 
magnet on a third substance ; and tnat place in two different ways : first, by 
this interceptive power is directly as the the immediate action of the magnet 
mass of the intervening substance, and upon each individual particle of the body 
inversely as its susceptibility to receive on which magnetism is induced ; or, 
induced magnetism. A single plate of secondly, by the action of each particle 
iron, for instance, about the sixteenth on the next adjoining to it in succession, 
of an inch thick, is found effectually to constituting a continued and successive 
intercept the action of a revolving mag- propagation of magnetism from the one 
net on a disc of copper ; but the same to the other. Although both these kinds 
result is not obtained when the disc of induction may take place at the same 
acted upon, instead of being copper, is time in the same substances, yet the de>' 
also of iron, unless the mass of inter- grees in which they are exerted seem to 
posed iron be very considerable. He be in some inverse ratio the one to the 
afterwards determined that this inter- other : for when the absorbing or reten- 
ceptive influence depends, not merely tive power of the substance is consider- 
upon the surface of the interposed iron, able, the power of the magnet is soon 
but is in proportion to its mass. Hence checked : because the particles of that 
he was fed to suspect that indications substance first acted upon begin to 
might be obtained of a similar influence, operate as screens to the succeeding 
exerted by substances not of a femi- particles; and the induction, after a 
ginous nature, if they were interposed certain point, proceeds entirely by com- 
in considerable masses; and this con- munication from particle to particle, 
jecture was verified on trying the experi- until the whole has attained a state of 
ment. He found that the action of a permanence. When, on the contrary, 
revolving magnet upon a disc of tinned the retentive power of the given sub- 
iron was completely intercepted by stance is small, little or no interceptive 
masses of about four inches in thick- influence can exist among if s particles ; 
ness, of either copper, zinc, or silver, and the induction will be produced 
interposed between them. solely by the direct action of the magnet ' 

(367.) It would appear, then, that on all the particles. Accordingly it is 

this interceptive property is common to only by the succession or multiplication 
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of effect, resulting from the action of to the same partides ; and we cannot, 
a great number of particles, that the by mere reasoning, decide whether the 
controlling power of such a substance magnetism of two different bodies, such 
becomes sensible. To this cause is ap- as pure iron and pure nickel, should be 
parently owing the diminution of the considered as the same imponderable 
action of a revolving magnet on a disc substance. It would assist us in the 
of copper, when the latter is intersected determination of this question, were it 
by radiating grooves : since a portion of ascertained that similar and equal nee- 
the substance, every part of which is dies of iron and of nickel, when sub- 
concerned in the full development of mitted to the magnetic influence of the 
induced magnetism, is thereby removed, earth, or of any other magnet, would 
In confirmation of this reasoning, Mr. make an equal number of oscillations. 
Harris found that the number of oscil- An experiment was made by M.Gay-Lus- 
lations made in vacuo in a given arc, sac with this view, from which it would 
by a delicately suspended bar, sur- appear that the mutual action of the 
rounded by several concentric copper magnetic fluids contained in steel and in 
rings, did not materially differ from the soft iron is decidedly greater than the 
number performed, in similar circum- mutual action of the fluids belonging to 
stances, by the same bar, surrounded steel and to nickel This experiment, 
by a solid mass of copper. however, is not decisive of the question, 

(370.) The effects of various metals because we may still consider the mag- 
in diminishing the oscillations of a mag- netic elements of a body as not actually 
netic needle, have been determined with in contact, but as constituting assem- 
considerable accuracy by Professor See- blades of particles, in which the two 
beck. An account of his experiments fluids reside, and are separated by inter- 
is given in the Annales de Physique for vals not greater than the dimensions of 
1826'*'. those elements; and, as we formerly 

(371.) With regard to the theory of observed (} 165), the ratio between the 
magnetism, Poisson has remarked that sum of the volumes of all these elements, 
there is no necessity for supposing that and the total volume of the body, may 
the phenomena of magnetism are pro- be different in different substances, and 
duced in all bodies by a fluid, or fluids, at different temperatures, in the same 
possessing everywhere the same inten- substance. This diversity may explain 
sity of attractive or repulsive action, the result of Gay-Lussac's experiment, 
and therefore requiring to be considered without the necessity of the supposition 
as the same fluid in different substances, of a difference in the intensity of the 
No doubt can exist as to the identity of magnetic power in substances diff'erently 
the electric fluid; because we see it susceptible of magnetism*. But the 
passing from one conducting body into interest which attached to speculations 
another, and at the same time preserv- of this kind, are now, in some measure, 
ing all its properties, and exercising, in superseded by the new theory of mag;net- 
like circumstances, the same attractions ism, proposed by Ampere : for an ac- 
and repulsions. But we have no evidence count of which, we must refer to the 
of this kind in the case of the magnetic forthcoming Treatise on Electro- Mag- 
fluids, because they are always confined netism. 

* See Quarterly Journal of Science for January, * Memoires de TAcademie Royale des Sciencev, 

1828, p. 456. torn. V. pp. 953, 254. 
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Chaptbk I. which the prizes were awarded ♦. The 

History 0/ the Science prior to conclusion to which he arrived, after a 

OersteSt discovery. lonx and elaborate discussion of the 

(1.) Tk« analogies that exist between su^ect, was, that the similarity between 

the phenomena of magnetism and those ?!""?'"? *""* magnetism amounts 

of electricity, in thargenend character, "^ *" ?" •PP"*"* resemblance, 

in the laws which govern them, and in «™ ''<»«« «>"* constitute a true physical 

the various combinations they present, f ""<«y ; whence he infew, that these 

are so extensive and so remark&le, as T^ E"'!'®'? *« essentially different 

naturally to suggest the notion that the "^° distinct from one another. The 

agencies themselves from which they "PP<>«te opimon, on the other hand, 

proceed must be allied to one another **» mwaUined by Professors Steigleh- 

by some close and intimate relation, "f .f"° ""bner, who contend^ that 

Adventurous theorists have advanced f" S*"® ?" an»logy " *»* exhibited 

the doctrine, that each of these princi- 5^ » T^i"" » ?*' °/ Phenomena, in 

pies is merely a modification of the f'*?*^' *"f «.*^«*« °^ » «ngle, ^Ken*. 

other, and that both may be regarded 3*"!f ofym consequence of a di- 

as ultimately identical in their nature, "^1 «' cu^sumsfances. 80 njany 

constituting, instead of two separate ?fJL'!^**.^"*>*?l"i?^^* '".ll^*** 

and prim^ powers, a single power of *^^ *^« ♦•?« »» ^'"«?*' these authors 

a higW orde? of simpUcity. I^l!'.-^- *^- «"»?""«» «>^"«^ °" 

(1) The connexion bAween mag- f^*',"^* m this controversy have now 

netism and electricity was a favounle Ij^ **^ "'*«*5'' «««?<»"? <hat it is 

subject of specuUfion and inquiiy "Wlcunous to obswve by wh^ devious 

among philoso^ers in the middte ot P***?' they were led away from the 

the lalt «ntuiy. Many were the efforts ^"^' J^ l*'f,T'"^"*ir'**" **^.?'?^ 

made to resolve this seductive problem, Sf^L'ftn fv.l**!^''J!r.K ''■'^ *"*"?* 

which confmued, however, to baffle the ^*n»«>on «» th* form of their expen- 

•>.>/» ^ui»>uu«u. uvFn^<«>. i« ,/xu.c U.O jj^j^jg would at 01106 have disclosed it 

labours of each succeedmg expenmen- ^ their view "»w«»«u u 

talist, who multiplied his attempts, and a?\ oTtu!,.* * j- i •■ 

varied his proces^, without approach- .J^t^f^'^^f'K ^""^ «*»*'"« 

ing nearer to the point he a&^ed at; *»*'«' ^l "' «l««t™ ^ magnetic 

and also to elude ^he reasonings of ff*'"": both as respects attraction and 

those who theorized upon every new ffP^^T '^ ^ induction, have 

fact until they bewihfe^ both them- J?"^*^ »o confirm tlwanali^ between 

selves and thw readers in the mazes of £TVk I? «*'"?»*»™*^ '^e opmion 

visionary and conflicting hypotheses. *»* ^^ ultimately emanate from a 

<3.) IK the year 1774, fee feUowing ^"""O" """^ Electricity, it is true 

.!.« L.^,....^ K- »i4« v\.^^ affects every species of matter with 




aJl physical analogy between electric P«*ap8 equally universal in its opera- 

and mi4neUc forces ; and. if such anar *>»"' y«| "«*» ^^Vl feebly, and probably 

logy wast, in what manner do these unequally, upon most lands of matter, 

f^ a«t upon the animal body ?• "^ certainly exerts its pnncipal energy 

The essays mseived by the Academy "pon Ton, a circumstance which has, to 

*•". *bftt occasion, were collected and . hi, work U entitled • Becuell de If«Dioln» 
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tlusday,iemaiii0d inexplicable, although electrical battery, in imitation of these 
we have acquired the knowledge that eflfectt, and in order to ascertain the 
electricity, under certain modifications, circumstances on which they depended, 
will produce every effect of magnetism. But although steel bars were easily ren- 
Electricity, we know, may be transferred dered magnetic by passing strong elec- 
fk*om one body to another, but mag- trie shocks through them, yet the results 
netism can be excited by induction only, were by no means uniform, and no 
and is incapable of any similar kind of {general law could be traced as govcm- 
transference. Still, however, there ex- ing the production and distribution of 
isted many positive facts, which, inde- the polarity thus induced. A large pro- 
pendently of lUl analog, demonstrated portion of the effects appeared to be re- 
that the magnetic neeme was occasion- ferable to the concussion which the par- 
ally influenced in its movements by the tides of the bar received in consequence 
action of electricity ; and that, in certain of the violence with which the accumu- 
cases, the magnetic properties could be lated torrent of electricity rushed throujgh 
excited by elechic explosions. The ap- them, thereby givine efficacy to the in- 
pearance of the aurora borealis, which ductive influence of the earth. This 
nas all the characters of an electric phe- influence, it is well known, depends al- 
nomenon, has been very f^quently ob- together, as was explained in the Treatise 
served to be accompanied by a disturb- on Magnetism (} 109), on the position 
ance in the position of the compass ; of the bar with relation to the direction 
and a delicately suspended magnetic of the dipping needle, which is the same 
needle has generally exhibited, on these as that of the action of terrestrial mag- 
occasions, very frequent oscillations, netism. The experiments of Mr, Scores- 
Lightnine, which is still more decidedly by*, made with a view of determining 
electric, has been known, in numberless the amount of this influence when aided 
instances, to destroy, and sometimes to by electric concussion, fully confirmed 
reverse the polarity of the compass- the principle upon which that mode of 
needle ; and many disastrous accidents explaining the phenomenon rests, by 
happening to ships, in consequence of showing that the action of a powerful 
their mistakinfi[ their course, may very electric shock is, in a great measure, 
probably have been owing to this cause, similar to that of a blow from a ham- 
in confirmation of this, we meet with a nier, or to the forcible twisting of the 
narrative recorded in one of the early iron, or any other kind of mechanical 
volumes of the Philosophical Transac- violence. 

tions*, in which the ship Alexander, (6.) There still, however, remained 

being one hundred leagues from Cape many anomalous appearances, to the 

Cod, in latitude 48°, encountered a explanation of which this principle did 

violent thunder-storm ; the mast was not furnish the most slender clue. These 

struck by lightning, which also revetted anomalies presented themselves more 

the poles S[ all the compasses in the especially when the electric dischar;^e 

ship, a change which was not discovered was made to pass transversely, or m 

till the ensmng night, when the stars oblique directions, through the bar ; for 

appeared, and it was found that tiiey it was found, in those cases, impossible 

had been steering in the opposite course to predict what direction the induced 

to that which they intended. It is also poles would assume, or even whether 

stated, that in one of the compasses, the any distinct polarity would be commu- 

end which had before pointed to the nicated to the bar when so treated, 

north now pointed to tne west. An- Nothing illustrates more forcibly the 

other instance is recorded in the same proneness of the human mind to draw 

workt, where a stroke of lightning general conclusions from insufficient 

passed through a box containing a data, than the various opinions so con- 

l^reat number of knives and forks, melt- fidentlv maintained by different experi- 

ing some, and scattering the rest about mentafists on this subject. D'Alibard 

the room. It was found that all those thoug:ht he had demonstrated, by his 

which were not melted had been ren- experiments, that the eleetric discharge 

dered strongly magnetic, so as to tsdce imparts a northern polarity to that point 

up large naUs, and other pieces of iron, of a steel bar at which it enters, and a 

pkced near them. southern polarity to that at which it 

(5.) Experiments were tried with the ■ 

-—-— - — • • TntnsaetioiM of Hm Boyal Society of Edin- 

• VoU xir. -p. G20. t Vol. zzziz. p. 7*. burgh, roL ix. 
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Biiikes its est ; and this quite independ- upon one ancther^ their electrical and 
ently of the position of the needle with their magnetic actions appear to be per 
respect to the magnetic poles of the fectly distinct, and in no respect to in- 
earth. Wilke, on the contrary, ima- fluence or modify one another, 
gined that he could establish the exist- (8.) The discovery of galvunism; and 
ence of an invariable connexion between the invention of the Voltaic apparatus, 
the negative electricity and the northern opened a new field of inquiry ; for, by 
I>olarity. The laborious series of expe- furnishing the exfjerimentalist with the 
riments which were undertaken by Van means of maintaining a continuous cur- 
Swinden» with the express view of re- rent of electricity in veiy large quantity, 
conciling these strange discrepancies^ itenabled him to study the effects of this 
instead of settling the dispute, seemed powerful agent under circumstances of 
only to leave it more than ever embar*- a very different kind from those he had 
rassed with difficulties. About the year previously had under his command. The 
1777, the celebrated Beccaria engaged electro- chemical phenomena, brought 
in a similar investigation ; and although to light by its application to another 
he, like his predecessors, failed in disco- branch of physical science, for a long 
yering the true nature of the majgnetic time occupied the talents and absorbed 
influence of electricity, yet he noticed a the attention of scientific men in every 
singular fact which occurred to him in part of £uro{>e ; and many years elapsed 
the course of his experiments, but of before Voltaic dectncity was applied 
which he does not appear to have ap- with any success to determine tne in- 
preciated the value. He found that a fluence which it so directly exerts over 
needle, through which he had sent an magnetized bodies. The few inquirers 
electric shock, had, in consequence, ac- who sought to establish a relation or 
quired a curious species of polarity; for, identity between these two powers, ex- 
instead of turning as usual to the north cited but little attention, in consequence 
a.nd south, it assumed a position at either of the obscurity of their reason - 
right angles to this, its two ends point- ings or the inaccuracy of their experi- 
in^ to the east and west. There is little ments. The various hints interspersed 
doubt, that iif he had followed up the among the journals of this period, re- 
inquiry which this important fact had specting movements having been ob- 
opened to him, he would soon have ar- served in the magnetic needle by the 
rived at the great discovefy which was action of the Voltaic pile, were too vague 
made about half a century afterwards and uncertain to warrant any determi- 
by Oersted, and which has dispelled the nate conclusion. The most definite and 
whole mystery* authentic narrative relating to this sub- 
(7.) As nothing had been gained by ject was that of Ritter, who asserted 
following the more violent operations of that a needle, composed of silver and 
highly condensed charges of electricity, zinc, had arranged itself in the magnetic 
other philosophers occupied themselves meridian, and had been slightly attracfted 
in the attentive study of the more tran- and repelled by the poles of a magnet, 
quil influence of this accent, when merely He also stated,that by plaiing a gold coin 
accumulated in insulated conductors, in the Voltaic circuit, he had succeeded 
and exerting simply its attractive and in giving to it positive and negative elec- 
repulsive powers in conjunction with trie poles; and that the polarity. so 
those of magnetism. But however these communicated was retained by the gold 
actions mign the combined,nothing could after it had been in contact with other 
be detected that indicated any interfe- jnetals, and appeared^ therefore, to par- 
rence of agency or modification of effect take of the nature of magnetism. A 
consequent on the combination. An gold needle, placed in similar circuni- 
electrified body is found to exert the stances, acquired still more decided mag- 
same attractions and repulsions on a netic properties. These experiments 
magnetized needle as it does on the same suggested to Ritter some vague idea 
needle when devoid of magnetism; nor that electrical combinations, when not 
does it, like magnetism, exhibit any de- exhibiting their electric tension, were in 
cided preference for iron, compared with a magnetic state ; and that there existed 
its action on other metals. When the a kind of electro-magnetic meridian de- 
two agencies are united in the same pending on the electricity of the earth, 
body, as when bars of steel, already at right angles to the magnetic poles, 
rendered magnetic, are also charged But these speculations were of too crude 
with electricity, and placed so as to act a nature to thrown any distinct light on 

B 2 
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the tnie connexion between magnetism sage of the electricity, he designates by 

and electricity. the term electric conJUct^ from an idea 

that there takes place some continued 
Ohaftsr II. collision and neutralization of the two 
Account of Oerstede Experiments. species of electric fluids, while circulat- 
es.) The real discoverer of the mag- J"^ *°J?PP°«?® currents in the appara- 
netic properties of electric currents was *"®- Then teking a roa^etic needle, 
M. Oersted, Professor of Natural Phi- P^perly balanced on its pivot, as in the 
losophy, and Secretary to the Royal ^^^^^?^ compass, and allowing it to 
Society of Copenhagen. In a work »»??°»® its natural position m the mag- 
which he published in German, about "«!i? «>e"dian. he placed a .straight 
the year 1813, on the identity of chemi- Portion of the uniting wire honzontally 
cal and electrical forces*, he had thrown **^^? ,™ needle, and in a direction 
out conjectures concerning the relations P?™fl **?,?* i.P^,*T'? completed the 
subsisting between the electric, galvanic, S^cmt, so that the electric current passed 
and magnetic fluids, which he conceived through the wire. The moment this 
might tfiffer from one another only in was done, the needle changed its position 
thSr respective degrees of tension. If **« fJ[^^* deviating from the north and 

galvanism, he argued, be merely a more ?^"*^ t?'^^* i^® ^/"* ^^ Tfb ^^l^' 

latent form of electricity, so magnetism '"S to the direction in which the electric 

may possibly be nothing more thanelec- 5?"'«?* ^^y^^^ so that by reversing the 

Iricaty in a stiU more latent form ; and Hl'^***?, ^^ the current the motion of 

lie therefore proposed it as a subject ^^® "J^f^^® ^" ^^o reversed. The ge- 

worthy of inquiiy whether electricity, feral law he OT)ressed as follows :-- 

employed in this, its most latent form, .^hat end of the needle which is si- 

rnight not be found to have a sensible ^^^ ^^ ^^ the negative side of the 



the expression of latent states, as ap- ^'TTA^^ :, - T ""^'i""'"* ,, . 

plied to electricity, but it may be suffi- ,.^^^'> The deviation of the needle is 

cient for us to know that in the various *?« same whether the uniting wire, in- 

endeavours he subsequently made to «*^ ^l ^^\^^ immediately above the 

verify his conjectures; he was led to needle, be placed somewhat to the east 

such forms of experiment as affonied ^\^,^^ ^^?\ provided it contiftue pa- 

decisive indications of the influence of l^^^ ^"^ ^ *hove it. This shows 

Voltaic currents on the magnetized "jat the effect is not the result of a sim- 

needle. Yet, even after he had sue- fl^ attractive or repulsive influence, for 

ceeded thus far, it was a matter of ex. **^. "^® pole of the magnetic needle 

treme difficulty to determine the real '^^hichapproachesthe uniting wire when 

direction of this action, and it was not P^^ ?" »*i ^| side re^des from it 

till the dose of the year 1619 that his ^*l^" P**?^^ ^^ '\f, '^^st «de. 

perseverance was at iVngth rewarded by . l^V ^[ ^^ ""»*'"« ^irebe placed m 

Somplete suc<!lss. * ^'^T"?^*^ P'*?® "S*T ?"? ™«S"«*^^ 

(10.) The first account of his disco- 5®^« ^^« latter is affected to an equal 

very that appeared in England is con- ^^.^ *« in the former case, but the 

tained in a paper, which he himself "^ J^"* are made m the contrary di- 

communicated, in Thomson's Annals of f^//*^" 5 ^^\}^^ ^}^ S^,^*'^"!!*^^^ "^""^ 

Philosophy, for October, 1820 f; and *P ^H negative end of the battery now 

in whicfi the following experiments are "^^yj^^f iT^S' ^'® ^^ ^ u a n 
described :-The two poles of a powerful <* ^•> The effects above described will 

Voltaic battery were connected by a ^. !• 

metallic wire, so as to complete the gal- /> — > ^ 

vaniccb^uit. The wire which performs . b 

this office he called the uniting wire; ]Sf; 

and the effect, whatever it may be, which .. •'" *^'%-.^.^ '"''n 

takes place in this conductor, and in the K"r--^"^^Mi|j|piip^— — 4S 

apace surrounding it, during the pas- *'*--^. I "^*"^*-'>.--'^ 

. * Thli work was translated into French b^ Jl 

Marcel lies Serres» under the tiUe of * Reeherches f^ 

surPIdentitedes Forces ChlmiqaesetElectriqaes. W fc>^ 

PariA, 1818.' See the 8th Chapter of that work. ^^J*^ 

t Vol. XVI. of the arst series, p. 273. ^^ , ji,-^ 
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be more clearly understood from an in- 
spection of Figs^ 1 and 2, where N, S 
present the two opposite poles of the mag- 
netic needle, balanced upon its pivot ; and 
p n the uniting wire ; the end p being 
connected with the positive or copper 
end of the simple galvanic battery, and 
the other end, n, being connected with 
the negative or line end of the same 
battery. (See the Treatise on Galva- 
nism, $ 15.) So that the direction of thi 
positive electric current is from p to 0, hs 
described by the arrows in the figUre. 



be placed on a level* with the needle 
NS and parallel to it, on its eastern side, 
the pole S, next to the negative end of 
the wire it, will be elevated, and the pole 

Fig. 3. 





When the uniting wire is above the 
needle, as inj^. 1, the pole S, which is 
next to the negative side of the battery, 
or towards which the current of positive 
electricity is flowing, will move towards 
W, the western side of the horizontal 
dotted circle; and the needle will as- 
sume the position N' S'. When the 
wire is below the needle, as in^. 2, the 
same pole S will move towaxxis K, the 
east point of the horizon ; and its new 
position will be N' S', inclined in a di- 
rection the reverse of that which it as- 
sumed in the former case. 

(14.) For the more easy retention of 
these facts in th& memory Oersted used' 
the following formula : namely, ' ihs^ 
pole €tbove which the negative electricity 
enters, is turned to the west ^ under 
which, to the east: Another, and more 
convenient formula, however, will pre- 
sently be given, comprehending not only 
these but many other facts, which are 
derived from- a more universal principle 
applicable to al( of them. 

(15.) When the uniting wife is si- 
tuated in the same horizontal plane as 
that in which the needle moves, and is 
at the same time parallel to it, no decli- 
nation takes place either to the east or 
west ; but the needle is inclined, so that 
the pole next to the end of the wire at 
which the negative electricity enters is 
depressed, when the wire is situated on 
the west side, and elevated when situ- 
ated on the east side. 

Thus, if the uniting wire p n, Jig. 3, 



N depressed, so as to assume the posi- 
tion represented by the dotted needle 
N'S'. If the uniting wire had been 
placed on the western side of the needle 
the pole N would have been elevated, 
and S depressed ; and the axis of the 
needle would have been in the position 
N''S". 

(16.) If the uniting wire, instead of 
being parallel to the needle, be placed at 
right angles to it, that is, extendinii: from 
east to west, whether al>ove or below it, 
the needle remains at rest, unlesait be 
brought very near to one of the poles ; 
in which case the pole is elevated when 
the entrance of the negative electricity 

Fig^A. 




is from the west side of the wire, and 
depressed when from the east side. Thus 
the pole S, fig. 4, is elevated when the 
current of positive electricity proceeds 
from p to n ; that is, when the entrance 

Fig.b. 
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of the negative deetrleity is from the 
west side of the wire. 

(17.) When the uniting wire, instead 
of being horizontal, is placed vertically^ 
as shown inj^, 5, either to the north or 
south of the needle, 'and then brought 
near to the adjacent pole, if the upper 
extremity of the wire receives the nega- 
tive electricity, that pole moves towards 
the east ; but when the wire is brought 
opposite to a point between the pole and 
the middle of the needle, as in Jig, 6, the 

Fig, 6. 




same pole deviates to the west When 
the upper end of the wire receives posi« 
tive electricity, the phenomena are re- 
versed. 

(18.) Oersted found that these expe- 
riments succeeded equally well if the 
unitine conductor consisted of one or of 
several wires, or roetidlic ribbons, con- 
nected tog[ether. Neither is the effect 
altered in its kind, though it may vary 
somewhat in degree, when different 
metals are used : thus, platinum, gold, 
silver, brass, iron, lead and tin, and even 
mercury contained in a tube, when em- 
ployed as the conductors of the electricity, 
nave a similar influence on the magnetic 
needle. The conductor still exerts this 
power, although it be interrupted by 
water, provided the interval between the 
metals does not extend to several inches 
in length. The magnetic influence of 
the wire on the needle is not prevented 
by the interposition of glass, metals, 
wood, water, resin, stones, or any other 
substance that was tried. The eilect 
produced, nevertheless, is referable 
purely to magnetism, for it is exerted on 
magnetic bodies only, and has no in- 
fluence on needles of brass, glass, or 
gum lac. It appears to depend, not upon 
the intensity of the circulating electri- 
city, but solely on its quantity ; and ac- 
cordingly Oersted found that he could, 
with a single galvanic arc, repeat all the 
experiments which he had at first made 
with a compound Voltaic battery. In 
this way, also, he was enabled to detect 



the reciprocal action which the poles of 
a magnet exert on the conducting wire ; 
for, by placing a plate of zinc, six inches 
square, between two plates of copper 
formed into a trough, m order to hold 
the acid which is to act upon the for- 
mer, but kept from touching them by- 
small pieces of cork interposed on each 
side, on forming a communication be- 
tween the two plates by an extended 
wire, and then suspending the whole 
apparatus by a thread, the effect of a 
magnet in moving the wire could be 
readily ascertained. 

(19.) The announcement of the im- 
portant discovery of Oersted excited the 
greatest interest among all the philoso- 
phers of Europe, and they immediately 
occupied themselves in repeating and 
extending his experiments. Among 
those who were early distin^ished by 
their zeal and activity in this researcn 
were Ampere and Arago, in France, and 
Sir H. Davy and Faraday, in England. 
So many were the cultivators in this 
new field of inquixy, and so eagerly did 
they pursue the path thus unexpectedly 
opened, that a great number of interest- 
ing facts were^speedily brought to bght ; 
and where all were pressing forward in 
the same career, it is scarcely possible 
to adjust the claims to priority of dis- 
covery, with respect even to the most 
important facts. Instead, therefore, of 
attempting to give a chronological view 
of the progress of knowledge in this de- 
partment of science, we shall adopt the 
following more didactic, and, we trust, 
more instructive plan. We shall first 
state those genersd principles to which 
philosophers have arrived by gradual 
and successive inductions; secondly, 
we shall trace the various combinations 
of those principles in different ways, and 
under different circumstances, and the 
effects resulting from them ; and lastly, 
point out the explanations which they 
afford of particular phenomena, in the 
order which appears most conducive to 
dear and comprehensive views of the 
whole subject of electro- magnetism. 

Chapter III. 

Fundamental Law of Electro-Magnetic 

Action. 

(20.) An attentive examination of 
the facts described in the preening 
chapter will soon convince us that the 
magnetic force which emanates from the 
electrical conducting wire is entirely dif- 
ferent in its mode of operation firom all 
the other forces in nature with whidi 
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we are acquainted. It does not act in a 
direction parallel to that of the current 
which is passing along the wire, nor in 
any plane passing through that direction. 
It u evidently exerted in a plane perpen- 
dicular to the wire» but still it has no 
tendency to move the poles of the mag- 
net, in a right or radial line, either 
directly towunds or directly from the 
wire, as in every other case of attractive 
or repulsive agency. The peculiaritjr of 
its action is that it produces motion m a 
circular direction all round the wire; 
that is, in a direction at right angles to 
the radius, or in the direction of the 
tangent to a circle described round the 
wire in a plane perpendicular to it 
Hence, as Mr. Barlow has expressed it, 
tlie electro-magnetic force exerts a ton- 
gential action. 

(21.0 The direction, in the circumfe- 
rence of these circles, of the action 
exerted on any one pole of a magnet by 
the electrical current which is moving 
at right angles to the plane of the circles. 

Fig. 7. 



is determined by the direction Of the 
current. If we suppose the conducting 
wire to be placed in a vertical situation, 
as shown mflg^ 7,pn, and the current 
of positive dectricity to be descending 
through it, or moving from p to n (the 
negative electricity moving, of course, 
in the contrary direction, or ascending), 
and if through any point C in that wire, 
the plane NN be taken perpendicular 
to jp n, that is, in the present case, a 
horizontal plane ; and lastly, if any num- 
ber of circles be described in that plane 
having C for their common centre, then 
the action of the current in the wire 
upon the north pole of a magnet, si- 
tuated any where m that plane, wiU be 
to move it in the line of the tangent to 
the circle which passes through n, and 
In the direction denoted by the arrows 
in the figure ; that is, from left to right 
in the remote part of the cirde, and from 
right to left in the nearer part. In other 
words, the motions impressed will be in 
a direction corresponding to those of 

.a. 





the hands of a walch having the dial 
towturds the positive pole of the Voltaic 
battery. 

(22.) When the direction of the cur- 
rent is reversed, the wire still preserving 
its vertical position, the direction of the 
action is also reversed ; and the circular 
motions produced correspond to the 
movements of the hands of a watch with 
its face downwards ; that is, still looking 
towards the positive electrical pole. 

(23.) The actions of either the de- 
scending or ascending electrical current 
upon the south pole of a macpet are 
exactly the reverse of those which are 
exerted on the north pole. Fig, 8 re- 
presents the action of the current mov- 



ing from jp to n, on the south pole ; 
which is directed, as may be seen, from 
right to left m that part of the circle 
which is opposite to the wire, and which 
woidd, therefore, impel the south pole 
in a direction contrary to that of the 
hands of a watch. On. reversing the 
direction of the current these effects will 
again be reversed. 

(24.) It is evident that in the course 
of experiments on electro- magnetism, 
the current and magnetic poles may be 
presented to our observation in a great 
variety of relative positions ; and it will 
be found not very easy to retain a per- 
fect recoUection of the wav in which the 
foxce should act conformably to the rule 
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abote stated. Ampere has hit upon an 
ingenious device for imprinting this 
rule more firmly in the memory, and 
enabling us to apply it under a great di- 
versity of circumstances. The electric 
currents are not only characterized as 
positive and negative, and as flowing in 
one or other of two directions along the 
wire that conducts them, but may be 
actually personified and conceived as 
endowed with a head and feet, with a 
foce and back, and with a right and a left 
hand. In order to turn this idea to the 
best account, and being at liberty to 
choose, with respect to the various kinds 
of conditions belonging to the subject, 
one or other of two alternatives, we shall 
select in each case those which seem 
naturally entitled to the preference : and 
it fortunately happens that, on combin- 
ing these conditions so selected, they 
accord exactly with nature, and are 
therefore well calculated to answer the 
purpose of a kind of artificial memory. 
(25.) First, it is more natural to fix 
our attention on the current of positive, 
than of negative electricity. Secondly, 
in a vertical wire, a descending current 
will occur to us more readily than an 
ascending one : or, if we imagine our- . 
selves borne along by the current, it 
would be more natural to conceive our- 
selves moving with our feet foremost ; 
but if, on the contrary, we suppose our- 
selves to be at rest, we should conceive 
the current to be passing from our head, 
to bur feet. Our/ace would, of course, be 
turned towards the magnetic pole to which 
we are directing our attention ; we should 
attend to the north pole in preference 
to the south ; and the movement with 
which we are most familiar, is that 
which we perform with our right hand, 
as in writing for instance, that is, from 
left to right. ComUning these condi- 
tions, then, we may always recollect, 

Hg. 10. 



that iftve conceive ourselves lying tn 
the direction of the current, the stream 
of positive electricity fiowing through * 
our head towards our feet, with the 
magnet before us, the north pole of that 
magnet will he directed towards our 
right hand. If any one of these condi- 
tions be reversed, tne result is reversed 
likewise. 

(26.) The action of the conducting 
wire on the pole of a magnet is necessa- 
rily accompanied by a corresponding 
and opposite action of the magnet on 
the wire. When the wire impels, the 
pole from left to right, the pole impels 
the wire from ri^ht to left, and vice 
versct. Thus we have seen that a posi- 
tive current, descending along a wire, 
of which W,^. 9 A, represents the sec- 

Fig.9, 
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tion by a horizontal plane, urges the 
north pohe N to the right, in the direc- 
tion N n, but the wire Itself is also urgfed 
in the direction W w, to the left. The 
contraiy action takes place between the 
south pole S, fig, 9 B, so that if either 
pole of a magnet were fixed, and the 
wire moveable, the motion of the latter 
would, as in the case we have already 
considered, be circular, and the force 
which impels it tangential. This is 
shown \xifigs, 10 and 11, where /m, pn^ 
&c. show the successive positions of the 
wire urged to move in the direction 
shown by the arrows, by the influence. 

^"ig. 11. 
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of the north or south poles N or S. direction to that exerted by the other. 
The influence exerted on the same cur- When the currents are reversed, all the 
rent by the one being in the opposite effects just described are again reversed. 
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It is also to be observed, that the mo- Chapter IV. 
tion of the wire, whatever be its relative 7i,Vi»/./ ..A«>«i»r>«/.M.^^o ^^ ^- r.,.- ^r »? 
position to the magnet, is always moved ^'^'''^ "^tTJ^X^rt^ ^^^'''' 
pwallel to itself ; that is, in the direction iro^magneiic Action. 
of a line at right angles to it. (28.) Let us now inquire into the 
(27.) The direction of the electro- consequences of this law. So different 
magnetic force being thus determined, ^^ the action of the electro-magnetic 
we have next to ascertain the exact ^<>^ce from that of the other forces in 
law, according to which its intensity nature, with the efTects of which we are 
varies, with relation to the distance of ™<»^ familiar, that a particular train of 
the electric current from the point on investigation is required, in order to 
which it acts. The most reasonable trace its exact operation under every 
conjecture we can form on this subject, combination of circumstances. It is 
prior to experimental investigation, is, not easy, even in the simpler cases, 
that this lawis the same with that which Y^^^^ a single magnetic pole is sub- 
is followed in the case of electric and j^cted to the action of a conducting 
magnetic actions, namely, that the in- wn"C; at once, to pronounce upon the 
tensity of the force is every where precise motion that will result, espe- 
inversely as the square of the distance, cially if the motion of the magnetized 
But if this be the real law of action, it body is limited to a fixed plane, and re- 
must apply to the dementary portions strained to mere rotation ; but the diffi- 
of the two agents which thus mutually cnlty is much increased, when, as most 
act apon each other; or, to adopt the frequently happens in actual experi- 
more convenient language of theory, it jnent, the investigation is complicated 
must obtain only among the elementary ^y the necessity of including the com- 

§ articles qf the electric and magnetic bmed actions of several poles of dif- 

uids. In the magnet, the action of the ferent kinds. The only mode of ob- 

latter may be regarded as concentrated Gaining dear views of the subject is to 

in the points, which are the poles of the examine the several cases in their order 

magnet ; but in the conducting wire, the ©^ simplicity, commencing with each 

electric fluid which is passing through ^^^^^ taken singly, and afterwards stu- 

it, acts in an equal degree along the dying their several combinations, 
whole line of its motion ; and admitting 

the hypothesis of the action being in- f 1. Effects on the Directive Property of 

versely proportional to the squares of a Magnetic Needle. 

the distan^s of each individual particle. (29.) Confining our attention, then, 

we have to deduce the law which will for the present, to a single magnetic 

result from the combined actions of aU p^ie, the north pole for instant we 

the points of a line directed upon a ^^vc to examine the effiects produced 

point out of that line. Now. it may be ^pon it by a conducting wire of indefi- 

mathematically demonstrated, that if the „fte length, acting upon it with a tan- 

line in question be perfectly straight, g^^tial force inversely proportional to 

and Its length be exceedingly great in gs distance, when the movements of 

proportion to the distance of the point t^^t wire are limited to the circumfer- 

on which it acts, then the inttensity of en^eof a circle, in a given plane, per- 

action will be inversely proportional, pendicular to the wire. The case under 

not to the square, but to the simple dis- consideration may, in a great measure, 

tance of the point,80 that at three times ^ exemplified, by placii^ a magnet, 

the distance, for example, the force SN, ^. 12, on aflat support, AB, 

shdl be one-third, at four times the ^sting, at its centre, on the pivot P. 

distance, one-fourth, and so on. That ^nd balanced by a counterpoise at the 

this law is conformable to obseryaUon, opposite end, so that the south pole, S, 
has been proved by the experiments 

conducted by Biot and Savart, in which Pig' 12. 
the intensities of the f6rce at different 
distances were accurately ascertained, siA 
by observing the number of osciUatioAs 
performed by the needle in a given time, 
and taking the squares of those num- 
bers. 
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of the magnet may be exactly above AB. in any particular direction; and 

the centre of motion. the motion of the bar will be determined 

In this situation, the action of any solely by the action of the current upon 

electrical current upon the pole S, can the north pole, N. r r^. ^ 

have no influence m turning the bar, (30.) Let A B C DMN O, /«:. 13, 

Fig. 13, 
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be the horizontal circle in which the itng at N, where the position of the 

needle NS revolves, S being the centre needle NS is at right angles to NW, 

of its revolution ; and let W be the ho- it is reduced to nothing. This, there- 

rizontal section of the conducting wire, fore, will l>e a position of equilibrium, 

which acts upon th^ needle, and along and the equilibnum will be a stable one, 

which the positive electric current is for, on disturbing the position of the 

descending. In every position of the needle by pushing it onwards to O, for 

needle, the tangential force, acting upon example, tne rotatory force, in this new 

the pole in the circumference of the position, acts upon it bv the lever So, 

circle, takes the direction of a line to on the opposite side of Sm, and, there- 

the right hand, perpendicular to that fore, tends to give it rotation In the con- 

which connects the pole and the wire, trary direction ; that is, to bring the 

At D, for instance, it has the direction pole of the needle back again to N. 

of the line D d, perpendicular to DW. After performing a few oscillations, the 

Its tendency to prdduce rotation in the needle will, therefore, finally settle in 

needle, by turning it round S, will the position SN 
be proportional to the cosine of the (31.) When the arcs of vibration are 

angle formed between WD and the ra- small, the forces which tend to bring 

dius DS ; or it may be represented by the needle to its point of rest, are very 

the line S ef, drawn parallel to WD, and nearly proportional to the arcs them- 

meeting the perpendicular D d, to which selves ; so that, in this respect, its 

it is, of course, also perpendicular ; for movements are governed by the same 

it will readily be seen, that the rotatory law as those of a pendulum. They ac- 

effect of the force we are considering cordingly furnish very accurate means 

b the same, whether applied on the of determining the comparative intensi- 

needle at D, or at d, on the arm of a ties of the electro-mi^netic forces which 

lever S d^ rigidly connected with the act upon the same needle under different 

needle. The needle, then, will be urged circumstances of distance from the wire, 

by this force to move towards V, and as or of intensity of the electric current, 

the length of the lever by which it acts for the force will always be proportional 

continually increases until it reaches this to the square of the number of oscilla- 

point, so also will the rotatory power tiCns which the needle performs in a 

increase. After the needle has passed given time. — (See TrecAise on Magnet^ 

V, it will again diminish ; when it comes tsm, $ 320.) 
to M, its measure is S m, and on arriv- (320 When the needle is«till further 
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deflected towards the vrire, the force that the arc BUN is very small, compared 
tends to bring it back to the position of with BVN ; yet, if the needle be placed 
rest increases till it reaches its maximum ever so little on the other side of B, it 
at the position SU, where the needle will immediately r$(^e from that point, 
points directly to the wire. Carrying it as if repeUed by the wire* and will pro- 
still further to the left, tlie rotatory force ceed to describe the larger portion of the 
again diminishes, till it arrives at the circle, in order to arrive at N, a position 
position BS, perpendicular to BW, which it might have reached by a much 
where, being directed to the exact centre more direct course had it described the 
of motion, it is reduced to nothing. This arch BUN. 

position of the needle, therefore, is also (34.) The singular preference thus 

one of equilibrium ; but it differs from shown by the needle for a very circuitous 

the fonner in being an unstable equi- path, in reaching its destination, when 

Hbrium ; for if the needle be dis- it appeared free to take the shorter line 

turbed ever so little from its position that leads to it, appeared exceedingly ^a- 

oti either side, it will acquire a ten- radoxical to those who first observed it, 

dency to proceed onwards in that direc- and excited much astonishment. But 

tion, and will move away from the point the explanation we have ^ven shews 

B. At A, for instance,' the rotatory clearly that it is nothing more than the 

force acts upon it by the lever S a, urging direct result of the peculiar law of 

it towfuds U, and causing it ultimately electro- magnetic force, which is charac- 

to settle at N. At C, again, it is ui^d terized by ttie tangential direction of its 

towards D by a similar force, proper- agency. 

tional to S c, and which, increasing aa (35.) If the wire be supposed to pass 

the needle advances, carries it to Y, and through the circumference itself, as m 

finally brings it round to N. fi§, 15, that portion of the circumfer- 

(33.) It may here \» remarked, that 

the rotations of the needle are in oppo- Fig, 15. 

site directions in these two portions of ,. -,.. 

the circumference; for, in the remote y''^ '"'n 
part, BVN, the motion is similar to / \\ 
that of the hands of a watch ; in the / >^ \ 
nearer part, BUN, it is in the contrary ^ \ 
direction. The lines WB and W^f, w«g^^^^s | 
drawn from W to the points where the '/* / 
needle is in equilibrium, bein^ at right v / 
angles to the respective radh BS and \ >w ^ '' 
NS, are tangents to the circle at B and %!]/^ ^^y 
N, and the circumference is divided by * ' 
these points into two unequal portions, ence BN, which was comprehended be- 
so that the needle, in passing from B to tween the two tangents, and in which 
N, by the operation of the tangential the needle was urged to turn in a direc- 
force emanating from W, as indicated tion contrary to that of its revolution in 
by the arrows in the figure, has to tra- the rest of the circle, is now reduced to 
verse a longer distance when moving in a mere point ; and the needle, when 
the remote than in the nearer part of placed ever so little to the left of that 
the circle. The disproportion between point, will move round the entire circle, 
these two arcs continualiy increases as and even when it arrives at this point, 
the wire is brought nearer to the circle, can hardly be said to settle there, for 
When very near, as shown in Jig. 14, the slightest movement in the same di- 

„. rection will again place it under the 

^'^S' »^' influence of the same impulse, which 

..-'"^^ *•«., will, therefore, carry it round a second 

time. The very momentum it has ac- 

^.;^ \ quired in this motion will be sufficient 

/ ^^^ to transport it beyond this neutral point, 

Y%T^' f V ^^S. e »/v and to maintain it in a state of perpetual 

*^^;i" 'Zg^ ^ ; revolution. Should the wire be actually 

'i ^0^ / • within the circle, as inyjgr- 16, then the 

\^^^ / rotatory force will remain constantly in 

\ ,,'' the same direction in every part of the 

'*'«^ ...-**'* circle, and, according to theory, the 
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needle will revolve in perpetuity in the 
name constant direction. It is obvious^ 
however, that in the circumstances under 
which an experiment of this kind can 
be made, this can never happen, because 
the wire being a solid substance, and 
passing perpendicularlv through the 
plane of the circle in which the needle 
turns, its presence must arrest the mo- 
lion of the needle as soon as it comes 
in contact with it. The only position 
M^hich the needle can take, therefore, is 
that of resting against the wire in the 
manner represented in fig. 16. In any 

J^. 16. 
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other part of the circle, it will move on- 
wards in the direction indicated by the 
arrows. 

(36.) Having thus investigated the 
action of an electnc current on a single 
pole, we are now prepared for the consi- 
deration of its combined action upon 
the two opposite poles of a magnetised 
needle, balanced in the ordinary way 
on its centre. In this case, the current, 
descending through the wire W,y^. 77, 

^:gr. 17. 




indicated by the arrows placed at 
these points. When the neecfle is in the 
position SN, at right angles to the line 
Wc, the rotatory forces, being directed 
perpendicularly to WS and WN, as 
mdicated bv the arrows, oppose one 
another, and acting bv the levers Qs and 
Cff, which are equal in length, are in 
exact equilibrium. The equilibrium is 
stable, as will be evident from consider- 
ing that the displacement of S, in the 
direction of D, increases the length of 
the lever C«, while the accompanying 
motion of N towards £, diminishes the 
length of Cn. The force represented by 
the former, will, therefore, preponderate 
over that represented by the latter, and 
will carry back the pole S to its former 
situation. The satne would happen, 
were the displacement made on the 
other side of 8, for in that case, the 
force which impels the pole N would 
have the advantage over that which acts 
on the pole S, and would restore the 
needle to its position of rest SN. This 
opposition of forees occurs when the 
needle is situated any where between the 
lines AB end DE, which are respectively 
perpendicular to the tangents to the 
circle, WA and WK; for, in either of 
these situations, AB or DE, the rotatory 
force exerted in one of the poles, is, as 
we have before seen, f 30, reduced to 
nothing. Beyond these positions, the 
rotatoiy force changes its direction, 
so that in any part of the arcs APE, 
and DQB, the forces acting upon the 
two poles conspire in producing a si- 
milar effect ef rotation. 

(37.) In proportion as the wire W, 
fig, 18, is brought nearer to the needle, 
the arcs ASD and ENB, in which the 
two forces oppose each other, form a 
larger portion of the circle, while those 
in which they concur, AE and DB, 
become smaller. Here it may also be 

Tig. 18. 



exerts a contrary action upon the two 
poles, N and S, of the needle. When 
the needle is in the position PQ, that is, 
in the same line with W, these two con- 
trary forces, acting at right angles to 
the radius, and on opposite sides of 
the centre, concur in their rotatoty ef- 
fect, and the needle isvrged by the sum 
of these forces to turn in the direction 
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observed, that when the position of the 
needle difl'ers much from that of SN, 
the two poles, N and S, will be at very 
different distances from the wire, and 
the intensity of the force being inversely 
as the distance, the forcer^acting upon 
the two poles wfll, in consequence, differ 
materially. When the forces concur in 
their rotatory effect, the result will not 
be affected by this difference ; but when 
they oppose each other, the increase of 
force acting on the nearer pole, will go 
far towards compensating for the greater 
obliquity of its direction, and will bring 
it more nearly to an equality with the 
smaller force, which acts with greater 
mechanical advantage on the distant 
pole. This equality is actuallv attained 
when the wire passes through the cir- 
cumference of the circle ; for now the 
force acting upon S,J!g, 1 9, in the direo 

Fig. 19. 
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onlv position in which the equiiibrium is 
stable, is that of NS, the north pole 
bein^ to the left, and the south pole to 
the right of the wire ; a position which, 
it should be observed, is exactly the re- 
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tion RS, is to the force acting upon N, 
in the direction RN, inversely as the 
distances WS and WN ; that is, they 
are as WN to WS : but as the former 
acts by the lever C «, and the latter by 
the lever C n, which are themselves in 
the proportion of WS to WN, they must, 
by the laws of statics, be exactly in 
equilibrium. 

To place the matter in another point 
of view, the forces RS and RN, when 
combined together, produce, as their re- 
sultant, the force RW, which, being 
directed to the centre of motion C, can 
have no tendency to produce rotation. 
Hence it follows, that the needle, what- 
ever be its position in the circumference* 
will appear to be totally uninfluenced bv 
the wire ; the action of the latter, on both 
poles, exactly balancing each other. 

(38.) This state of equilibrium no 
longer remains when the wire is within 
the circle, flg. 20. It will now be found, 
that in no position of the needle do the 
two forces conspire to produce the same 
rotatory motion, and that they oppose one 
another in every part of the circle. The 



verse of that which the needle assumes 
when the wire is out of the circle, as 
in^*..17 and 18. When disturbed 
from this position, and brought to ft' «', 
for example, the force urging the pole 
n', which is nearest to the wire, becomes 
more effective than that acting upon the 
more distant pole ^, and, therefore, 
brings back tne needle to its station. 
But if the pole N were placed on the 
opposite side of the wire, as at n', the 
tangential force which carries it towards 
the wire, is, here also, more effective 
than that which acts upon the distant 
pole ^, and which tends to move it in 
the contrairy direction ; the needle, there- 
fore, strikes against the wire, and being 
unable to pass it, remains in contact 
with it. If the needle be carried still 
further from the wire, however, the su- 
periority of this force will continually 
diminish, and cease entirely when the 
needle is in the transverse position SN, 
shown in^. 21, where the two poles, S 
and I^, are equi-distant from W. Here 
there is again an equilibrium, but it is of 

i^5^. 21. 




', /< 



14 ELECTRO-MAGNETISM. 

the unstable kind, tar as soon as N is The liite ef is ttwt in which an equili- 

removed further from the wire, the force brium obtaim. When the wire is in a.ny 

aclinii; on S i^ins the advantaf^e, and continuous pait of the line e/, namely 

turns the needle ronnd till its revolution CF and E e, the equilibrium is stable ; 

it arrested by its ctuaing against the irhen in aniof the dotted parts E C 

wire, in ttw position i n. or F /, of the same line, unstable ,- on 

(39.) Although, strictly speaking, the the line *n, the aclion is at the maxi- 

tangential force eierled by an electrical mum. The letters a,a,a,a, show the 

curreat upon either pole of a maKnet, spaces nhere an apparent attraction 

hal no tendency to cause the pole to takes place between the nire and the 

approach to, or recede from it, and, nearest pole, whenthe former issituated 

therefore, does not possess the character in the respective spaces bounded by the 

either of an attractive or of a repulsive above lines ; and r, r, r, r, the spaces 

force, yet the movements of a needle, in where there a apparent repulsion. These 

thecircumstances wehave justt)eencon- latter spaces ai« shaded for the sake of 

■idering, often resemble those of at- distinction. Thus within the quadrant 

traction and repulsion. But if viewed SCE there is apparent attraction of the 

with reference to such a cause, they pole S; in the shaded quadrant SCF 

would appear exceedingly anomalous ; there is an apparent repulsion of that 

«nd accordingly the sudden changes pole ; in the shaded quadrant ECN, the 

from attraction to repulsion, which take pole N moves from the wire ; in NCF, 

filace from a slight alteration in the re' towards it. In the spaces exterior lo 

ative positions of the viire and needle, the drcle the actions are exactly the 

appeared to the earlier experimentalists reverse of those in the interior; in the 

to be very capricious and unaccountable, shaded space bounded Ijy « S, a E, and 

(40.) In order fully to understand the circumference, the action in 8 is ap- 

these transitions, we may arrange the parently repulsive; in the white space 

results of the preceding invest it;nt ion, on the other side of S, hounded by ttte 

as they refer to anyone given positioa lines 8*, F/, and the circumference, it 

of the needle SN, ^. 22, varying the is attractive; and the contrary obtains 

_. -„ with regard to the spaces on the otiier 

"g-^^- : side of the line e/. 

$ 2. Movemmtt of ilu Magnetic Needle 
in free tpaee. 
<4l.) [n the preceding investigation 
our attention has been exclusively di- 
rected to the determination of the efiects 
oftheeleclro-magnetic forces on a mag- 
netized needle, so restricted in its motion 
as lo be capable of only turning on its 
centre ; and we have had to consider 
only tlK forces which tended lo pnxluce 
the rotation of the needle. A part of 
the forces, however, which act on the 
poles is exerted in another direction, and 
would, were the needle at liberty to obey 
them, occasion the displacement of the 
whole needle, that is, would produce a 
motion of its centre. The needle being 
position of the wire only, and we shall confined by its pivot, the only etfect 
then Rnd that the lines which form the produced by these forces is pressure upon 
boundaries between the positions of ap- this pivot. But it this obstacle be re- 
parent attraction and repulsion are the moved, and the needle be allowed to 
circumference of the circle of which the move freely in any direction, the action 
needle is a diameter, together with the of these remaining forces will become 
prolonged axis of (he needle n *, and manifest ; the motion of the centre of 
another line crossing it, at the centre, at the needle being determined in its quan- 
right angles, ef. The circumference tity and direction by the magnitude and 
indicates the positions of the wire when directionof the resultant force estimated 
no apparent effect is produced on the by referring the two component forces 
needle, or the positiona of neulrality. to that point. 
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v42.> When (he oonducling- wire W, 
fig. 23, is situHted in any part of the line 

Fig. 23. 
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WC» at right angles io the axis of the 
needle, the tangential force acting on the 
pole S, in the direction represented by 
the arrow, at right angles to WS, may 
be supposed to be transferred to the 
centre, C, of the needle, and to be re- 
presented by the line Cs. The force 
acting upon N beine in like manner re- 
presented by C n ; the resultant of these 
two forces will be a force represented 
by the diagonal C a of the parallelogram, 
having Cs andCn for its two sides, 
and these sides beine equal, and equally 
inclined to the line WC, this diagonal 
will coincide with that line : hence the 
force will be such as to move the centre 
of the needle directly towards W, that is, 
the needle will appear to be attracted by 
it. If either the current had followed 
an opposite course, or the poles of the 
needle had been reversed, the forces 
would have acted in the opposite direc- 
tion, and would have been represented 
by the lines C «', C n', forming a paral- 
lelogram, of which the diagonal is C r, 
indicating a motion of the centre of the 
needle from the wire, and resembling 
repulsion. This effect also takes place 
under the original circunistances of the 
experiment wnen the wire is on the other 
sioe of the needle, that is, in any part of 
the line CW ; so that the needle will 
always appear to be attracted by the 
wire on one side and repelled on the 
other. 

(43.) The intensity of the force which 
thus impels the needle, either towards 
or from the wire, diminishes as their dis- 
tanee is increased. Two causes con- 
spire to produce this diminution ; the 
one is that the component forces them- 
selves are inversely proportional to the 
distances of the points on which they 



act from the wire ; and the other is that 
the angles they form with one another 
become more obtuse as that distance 
increases. Mathematically speaking, 
the tangential force applied to each pole, 
when referred to the direction of the 
line joining the wire and the centre of 
the needle, is directly as the cosine of 
the angle formed between the axis of 
the needle and the line connecting the 
pole and the wire; and it is also in- 
versely as this line ; so that calling the 
force referred to that direction a, the dis- 
tance from the wire to the centre of the 
needle d, the distances of the wire from 
the respective poles S and N, « and n, 
i^nd the length of the needle m ; and « and 
fi being the angles between the axis of 
the needle and the lines connecting the 
respective poles with the wire, we have 
the following equation : 

COS. M ^ COS. /} 

a= — — + 



s ' n 
But as we have taken the case of W 
being placed on the line dra[wn from the 
centre of the needle at right angles to 
its axis, the two angles above mentioned 
are equal, and every part of the line is 
equidistant from S and N, that is, 
«=s^, and «sn; 

hence the equation becomes a= '— . 

Now 

CS |m 
cos.-=^=— ; 

which value of cos. » being substituted 
in the former equation, the formula be- 
comes 

m 

that is, the force of apparent attraction 
is directly as the length of the needle, 
and inversely as the square of the dis- 
tance of the wire from each pole. 
(44.) In order to estimate the attraction 
with relation to the distance of the wire 
from the centre of the needle, or d, we 
must substitute for <* its equal £^+4 m* ; 
80 that the formula becomes 



a= 



m 



d^ + im*' 
But when the distance of the wire is 
very great compared with the length of 
the needle, the quantity i m* may safely 

be neglected; and -—may be taken 

without any sensible error as the ex- 
pression of the attractive force. 

(45.) This may be experimentally illus- 
trated by suspending a magnetic needle, 
SN,^.24, from its centre by a thread. 
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no that it ma^ be balanced horizontally, 
and brini^ne it within a certain distance 
of a verttcalconducting wirePit; if the 
electrical current be descending in that 




the tame thing:, when a very short 
needle, 9 n, is taken and carrira round 
the wire P N,/^. 25, in a circle, its poles 
will always preserve the same relative 
situation, as indicated by the letters in 
the figure, each l)eing turned in the 
direction in which they are respectively 
ui^ged to move round the circumference 
by the tangential force. But the ten- 
dency to approach the wire will be quite 
insensible, in consequence of the angle 
formed by the directions of the two 
forces being so nearly equal to two right 
angles. 

(47.) When the wire is placed in aViy 

Eart of the circumference of the circle, 
aving for its centre the centre of the 
needle, and passing through the poles, 
the resultant of the two forces C s and 
^^ (ftif' 26), has the exact direction 
of the Ime CW; and therefore, neither 

Ftg. 26. 



wire the needle will place itself so ihat 
the north pole N will be to the right, and 
the south pole to the left of a spectator 
conceived to be placed in the situation 
of the wire and looking towards the 
needle, as shown in the figure ; whereas 
if the needle be before the wire as at 
N'S' the poles will have a reverse po- 
sition. In both cases the needle will he 
impelled towards the wire, as shown bv 
the inclination of the thread by which 
it is suspended. 

(46.) When, on the other hand, the 
needle is removed to a considerable dis- 
tance from the wire, or what comes to. 

Fig. 25. 
P 
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in this, nor in the preceding case, is 
there any rotatory force in operation. 
But, in the present case, the force C W 
being oblique to the axis of the needle 
SN, a part of that force is exerted in 
moving the needle in the direction of its 
length, from C towards S, and in bring- 
ing the centre C opposite to W ; so that 
it will not rest until that centre comes 
in contact with the wire, as shown in 
fig, 27. A similar tendency in the cen- 
tre of the needle to move towards the 
wire takes place in all other situation 

/%'.27. 
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of the wire on that side of (he needle ; 
but the direction of the motion produced 
is more or less oblique to the line con- 
nectinjr the centre of the needle with 
the wii-e. This direction may, in all 
cases, be easily found by drawing the 
lines C « and C n (fig, 28). respectively 
perpendicular to W'S and WN, and com- 

Fig. 28. 



tioh required. This will appear from 
the following demonstration : — 

Fig. 29. 








pleting the parallelogram Q 9 an\ of 
which the diagonal, Ca, will be the 
direction of the resultant force acting 
upon C. For the forces at S and N, 
being inversely as the distances WS and 
WN, are in the ratio of WN to WS, 
which is equal to the ratio of the sines 
of the opposite angles WSC to WNC of 
the triangle WSN ; that is, in the ratio 
oiCsio Crit which are the actual sines 
of those angles with the equal radii SC 
and NO. The lines C a and C n will, 
therefore, correctly represent, both in 
their directions and in their relative pro- 
portions, the tangential forces in ques- 
tion. 

(48.) The actions exerted between the 
wire and the poles of the needle, are, as 
we have seen, reciprocal ; the wire being 
urged by a force equal in intensity, and 
parallel in its direction, to that which 
acts upon the centre of the needle; 
hence the determination of this resultant 
force will also give us the measure and 
direction of the resultant of the two 
forces which act upon the wire. Thus 
the needle SN, fig. 28, being urged by a 
force represented by C a, the wire W 
will, in like manner, be impelled by a 
force represented by the line W u>, equal 
and parallel to C a, but having an oppo- 
site direction. 

(49.) The direction of the force im- 
pelling the wire by the joint action of 
the poles of the needle, may be found 
geometrically, by describing a circle 
yfb S r N a, fig. 29, which shall pass 
through the position of the wire, and 
also through the two poles ; for the dia- 
meter W r of that circle will be the direc- 






Through S and N draw S r and N r, 
respectively perpendicular to WS and 
WN, and which will, of course, meet at 
r, the extremity of the diameter Wr; 
and through W, draw W« and W«, 
parallel respectively to r N and r S. 
meeting them, when produced, in a and 
n, and forming a parallelogram, of which 
W r is the diagonal. The triangle W r *, 
or its eoual, Wrii, is similar to the 
triangle WSN, because the angles WNS 
and W r S, which subtend the same arc 
W6S, are equal; as also the angles 
WSN and *Wr, or its equal WrN, 
which subtends the same arc WaN.. 
The sides of these triangles are, there- 
fore, proportional ; that is, 

WN : WS : : *r, or its equal W» : 
W#. 

But the tangential forces impelling W 
in the directions W n and W *, from the 
actions of the poles S and N, are in- 
versely as the lines WS and WN j that 
is, directly as WN to WS, and therefore 
in the ratio of the line W n to the line 
W*. These lines will, therefore, repre- 
sent, in their magnitudes as well as in 
their directions, the two tangential forces 
by which W is impelled; and conse- 
quently the diagonal W r of the parallel- 
ogram of which they are the sides, or the 
diameter of the circle, will represent the 
direction of the resultant force in ques- 
tion. 

C 
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(50.) Hence it follows that the wire is, a tendency to place itself in the plane of 

in all situations, impelled to move in the the magnetic meridian, in consequence 

direction of the tangent of a circle having of the influence of the earth, will arrange 

its centre in the prolongation of the axis itself in a position intermediate between 

ofthemagnet,andofwhichtheradiusisa this plane and the position to which it 

mean proportional between the distances tends by the action of the electric cur- 

of its centre from the two poles. Thus rent. The greater the intensity of the 

the wire at W, fig, 30, is impelled by the latter force, the greater will be the devia- 

p^ 3Q tion of the needle from the magnetic 

^* ' meridian; and both the amount and 

^, the direction of the deviation will be 

^^ — ^^"S^ found on an attentive examination of 

/^ l^\^ the results of Oersted's experiments, as 

/ / \ already detailed, to be exactly conform- 

/ / \ able to theory. 

/ / \ (53.) When the wire, still kept in a 

jf"^^""*^'P'"'^ O I horizontal position, was placed by Oer- 

y / sted at right angles to the needle, and 

\ / over its centre, no visible effect took 

\^ / place, because the actions of the wire 

\ y^ upon the two poles were then exactly 

^., . 1 XT J a • *u balanced. But whenever it was brought 

action of the two poles N and S, m the ^^^^^^ ^^ ^„^ ^^ ^^^ ^^^ ^^^^ ^^ \^ 

direction of the tangent of the circle ^ther. the vertical action being more 

of which the centre is at Cm the ^^rongly exerted upon that poll, occa- 

''"f- NS prolonged, and of which the ^^^^^\^ elevation or depression, ac- 

radms WC is a mean poportional be- ^^^^ ^^ ^^^ ^^x^^K^^xv of that action; 

tweenCSandCN It will, therefore, precisely in the manner which the theory 

revolve m that circle which will stand in ^^^^^ ^^ ^^ ^^ ^ . 

^e same relation to the magnetic poles ^^^ y^^ ^^^J undertook a series 

N and S, with regard to the kw of elec- of experiments to determine the devia- 

tro-magnetic action that the niagne^^^^ tions of a magnetic needle from its na- 

curves (See Magnettsm, $ 81) dp with ^ j j^^^ produced by a vertical 

regardio the law of magnetic action. conducting wi;e under diffe/ent ciroum- 

ChaptbrV. stances, and deduced from the theory 

^ , . . .* - , various formulae, by which its amount 

Application of the principles to the eo> may be calculated. For the details of 

planation of particular facts. j,is researches, the reader is referred to 

(51.) Tlie principles we have derived Mr. Barlow*s Essay on Magnetic Attrac* 

from the precedine investigation are the tions *. 

foundations of. the whole science of (55.) Of the speculations and hvpo- 
electro-magnetism, and furnish the key theses to which these extraordinary facts 
to the explanation of a vast variety of gave rise we shall defer the consideration 
facts, some of which might appear, with- to a future place, and, confining our 
out au accurate attention to the circum- attention to the facts themselves, we 
stances of the case, exceedingly anoma- should here notice the observations of 
lous and perplexing. It is evident Chat Mr. Faraday, which led to the more 
they completely accord with the results striking illustrations of the theory of 
obtained in the original experiments of tangential action we are i^out to de- 
Professor Oersted, which could not for scribe. Mr. Faraday states t that on 
some time be clearly understood. placing the wire perpendicularly, and 

(52.) In these experiments it will be bringing the needle towards it, in order 

recollected the^wire was horizontal, and to ascertain its positions of attraction 

applied either above or below the needle, and repulsion with regard to the wire^, 

and in a direction parallel to it. In this instead of finding these to be four, one 

case the action of the wire is exerted in attractive and one repulsive for each 

the tangent to the circumference of a pole, he found them to be eight; that is 

vertical circle, having the wire for its two attractive and two repulsive for each 

centre ; and this, action being in oppo- pole. Thus, allowing the needle to take 

site directions upon the two jwles, con- ^ 

spire to give the needle a motion round . g,^„„^ ^^,j^„, 2^. 

Its axis. But the needle, having already f Quarterly Jomnal of science, vol. xU. p. 76. 
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its position of equilibrium acroyi the iiectionsof the wirein dSffti*nt poMlions 



re, and then drawing kwa; slowly the 
support of the needle from the wire, so 
M lo brine the north pole, for instance, 
nearer lo it, there was attraction ; but 
on moving it a little farther, so (hat the 
end of the needle was the point nearest 
to the wire, repulsion tooK ;ilace, al- 
though the nire wsi still un the same 
side of the needle. When the wire was 
on the other side of the ssme pole of 
the needle, it repelled it when opposite 
(o most parts between the centre and 
the end ; but there was a small portion, 
at the very end, where attraction look 



'4%- 



according as they appear lo attract or 
repel Ihe adjacent poles S and N ; and 
the arrow-heads indicate the direclions 
of the circular motion which resulled. 
(58.) Mr. Faraday justly concluded 

from these facts, thai (here is no r«i1 

(58.) Rg.3\ exhibits a compendious a«'«;1ion or reiidsion between the w 



view 'of the relative situations of the wjd ?_'**»": Pol''of"m^"et, the acli 



1 these experiments i 



'hich imitate these effects bein^ of a 
compound natm-e ; and he also inferred 
that the wire ought to revolve round a 
magnetic pole, and a magnetic pole 
round a wire, if prriper meens could be 
devised tor givingelfect to these tenden- 
cies, and for isolating the operation of 
a ungls pole. For the first idea of the 
possibility of the rotations of an electro- 
magnetic wire round its axis by the ap- 
proach of a magnet, we are indebted 
to the sagacity of Dr. Wollaslon •, who 
did not, however, auL-ceed in producing 
this effect in the experiments which he 
made for that purpose. 



the electric current being supposed 
to descend along the vertical wire, 
p n, represented In eight different 
positions; the letters A, a, R,r, denot- 
ing respectively the apparent action 
(w^ielher attractive or repulsive) ex- 
erted in each of these positions. A 
referrnce to^^. 22, and the genetal re- 
sults fliuled in { 40. will sufficientlr ex- 
plain the facts mentioned by Mr. Para- 
day, if we talie into account a circnm- 
stance which very generally obtains in 
needles of the pointed shape of those 
employed in the experiment; namely, 
that the centre of the active portion of 
each half of Ihe needle, Or its true pole, 
is not situated at the very extremity, 
but at some gplnt near it, and towards 
■ theeentreof theneedle. Thusthewires ^^^^ ^ 
in Ihe extreme positions at the ends of pun-b 
the needle were in fact placed l^yond ■■ 

the poles, and corresponded in Iheir si- .„, „„ „, „„^,.„6 ..»=» 

tuationtopomti out of the circle passmg fncai current through the mercury, 

-,= „K.-.t. ,. .h» „,„!, hole was drilled at the bottom of the 
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(59.) The continued revolution of one 
of the poles of a magnet round a ver- 
tical conducting wire was produced by 
Mr. Faraday in the following manner'!-: 
— That the action of the wire might tie 
limited to the pole in question, the whole 
magnet, with the exception of that ex- 
tremity in which the pole was situated. 
was immersed in mercury, its lower end 
being attached by a thread to the tmttom 
of the vessel wMch contained the mer- 
cury, the conducting wire being made 
to pass down into the mercury, imme- 
diately above the place where the copper 



of it sliown in to.' 3. 
For the purpose of directing tlie eleo- 



through those poles, which i: 

(57.) The reaction of the needle on ground tight, projecting upward a little 

the wire in these situations was also „ay into the cup,and rivetted to asmall 
pointed out by Mr. Faraday, and lUus- ' 

iraled by reference to the following . pu[|„(,phic«iTi«n.iciiiiniforisj», p. iss. 
ligure (32), which repreunts borixontat t Qurunj Jaomai of sdmu, m. p. uaa. 






\.cJL ^*^&«-(-i.* 



« ELECTRO-MAGNETISM. 

round plate of copper, forming part of resistance of the mercury, at which pe- 

the foot of the vessel. A simitar plate of riod the velocity becomes uniform. 

copper na> fiKed to the lurtied wooden (60.) The direction of the motion de- 

bue on which the cup was jil&ced, and penda on the direction of the current, 



Pig. ?3. Fig. 3. 



the denomination of the pole 
that is moved hy it. If the current 
descends, the north pole of a magnet 
revolves from left to right ; that is, in 
the direction of the hands of a watch. 
If the revolving pole he the south pole, 
it moves in the contrary direction. All 
this is in perfect conformity with what 
has already been explained m $21, 22, 
and 23, and illustrated hyjlgt. 7 and 8, 

(6).) With a view of diminishing the 
resistance to the revolution of the mag- 
net, which must necessarily lake place 
when it has to revolve in mercury, at- 
tempts have been made to devise a me- 
thod of suspending the magnet on a 
•nolher piece of strong: copper wire, at- pivot; but the difficulty has always 
' tached to it beneath, after proceeding been to provide a proper channel for 
downwards a little way, was made to carrying off the currenf after it has 
turn horizontally. The surfaces of these acted upon one pole of the magnet. 
two plates, intended to cooie together, It became evident that no solid con- 
were tinned and amalgamated, that doctor would answer the purpose, as it 
they might remain longer clean and would always be in the vtay of the mag- 
bright, and afford better contact. The net during its revolution. This object 
magnet used was of a cylindrical shape, may, however, b« accomplished by em- 
and very powerful, and had its lower playing a magnet of the peculiar shape 
pole fastened by a piece of thread to the represented in fig. 35, having a double 
copper pin at the bottom of the cup. bend in the middle, so that this part is 
The height of the magnet and length of horiiontal while the two extremities are 
the thread were so adjusted, that when kept in a vertical position. The magnet, 
the cup was nearly filled with clean so shaped, is furnished with an aeate 
mercuiy, the free pole floated almost cap fixed to the lower side of the middle 
upright on its surface. The upright horizontal portion, resting on a fine 
wire, comniunioating with one of the point of an upright wire, which is fixed 

Siles of the voltaic battery, and con- to the base ol the apparatus, and upon 
ucting the electriqal current intended which the magnet is balanced, so as to 
to act on the upper pole of 'the magnet, allow of its turning freely round. In 
passed downwards from the upper order to steady its motion, however, a 
branch of a stand, so as to descend to wire loop is attachedto the magnet lower 
a small depth below the surface of the down, wliich embraces the upright wire, 
mercury. Its lower end was amalga- and retains that part of the magnet in a 
mated, in order to ensure perfect con- position nearly vertical. A small cis- 
tact ; the circuit was completed by tern, holding mercury, is also fixed upon 
making a communication between the the magnet at the middle of its upper 
lower wire and the other pole of the side, just above the point of suspension, 
battery. As soon as (he current is thus A lient wire, pointed and amalgamated 
established through the apparatus!, the at the end, passes out frolh this cistern, 
upper pole of the magnet immediately and dips into a circular trough of mer- 
revolves round the wire which dips info cury, which is open in the centre, to 
the mercury. As the force which impels aliow the magnet to pass freely through 
it continues to act without diminution, the opening, and which is supported on 
notwithstanding the motion of the mag- a stage, sustained by means of legs con- 
net, it operates as an accelerating force ; necting it with the nase. A wire, pro- 
t)ut the motion of the magnet in a circle ceeding from the interior of thb circular 
giving rise to a centrifugal force, the cistern, passes out of it, and terminates 
magnet is carried to a greater distance in a cup with mercury. The electrical 
from the wire, until its increased mo- current, intended to act exclusively upon 
mentum is compensated by the increased the upper half of the magnet, is to be 
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conducted by a vertical wire of sufficient Mr. Faraday accomplished by employing 

thickness, wliich is fixed so as jusi 1o the apparatus represented in fig. 36. 
dip into the small cistern attached lo the The glass cup holding the mercury ii 
magnet. Having reached this point, the shalluw, and nas a tubular atem; but 
current is then ifiverted from its course instead of being filled witfi a plug, as 
by the wire which dips into tlie larp was the aperture in the former vessel, a 
cistern, and is thence carried away hy the small copper socket is placed in it, and 
wire which terminates in the cup last retained there by being fastened by a 
describ«d,1o such adistance, and in such circular plate below, which is cemented 
a direction, as lo prevent its acting on Xb the glass foot, so that no mercury can 
the lower pole of the magnet. The pass oat by it. This plate is tinned and 
magnet will in this manner be made to amalgamated on its lower surface, and 
revolve with great rapidity. It js scarcely stands on another plate and wire, just as 
necessary to remark, (hat the direction in the former apparatus. A small cy- 
of the rotation will depend both on the lindrical magnet is placed in the socket, 
direction of the current and on the na- at any convenient height, and then mer- 
ture <^ the pole which is acted upon ; so cury poured in until it rises so high that 
that reversing either of these conditions nothing but the projecting pole of the 
will occasion a change in the direction magnet is left above its surface at the 
of the rotation. Mr, Watkins describes centre. The forms and relative positions 
an apparatus by which these opposite of these parts are seen in the section 
rotations may be exhibited in two mag- fig. 37. The wire which dips into the 
nets at the same time, and by the same mercuiy, and has its lower end amalga- 
current, by placing the poles of the one p.. ,. _. 
in a contrary position to those of the ^- ^^- ^'S- an- 
other*. But it is'unnecessary to dweE " 
upon these obvious combinations of the 
ntore simple forms of the experiment. 
Fig. 35. 




mated.may besuspended to afixedw e 
either by a ball and socket joint, con- 
structed so as to epsure a continuity (rf 
metallic conductors, or more simply l^ 
means of loops. The best mode of ob- 
taining a perfect contact, is to make the 
fixed wire terminate in a small cup con- 
(6'J.) In the preceding examples, the tainingmercury.wilhitsmouth upwards, 
wire was fixed, and the magnet at liberty and to bend the moveable wire mto the 
to move. But in order to exhibit the form of a hook, of which the extremity 
revolution of the conducting wire round must be sharpened, and must rest in 
one of the poles of a msgnel, this ar- the mercury on the bottom of the cnp, 
rangement must be reversed, thai is, as shown in Jig. 38. This latter wire* 
the wire must have freedom of motion, having full liberty to move, revolves 
and the magnet must be fixed. This roundthe pole of the magnet wliich is 
• A nuoniBr skfich of Ekciro muDeiitin and ^^o"^ "■* surface of the mercury, with 
xkctra-driumici. Bf Francii \Va.MBt. ia3a. an accelerated velocity, which afterward} 
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becomes uniform, rrcm Ihe increaniiur re- lutiotii, by the iction of two plntes of 
iLitance of the fluid ; the direction of copper nnd zinc, containing not more 
the motion beine delennined by the than n square Inch of surface e&ch. 
principles tlready laid down in j 26, mnd 
exemplified by fig*. 9, ID, and 1 



. 14.) A still more simple moiie of ei 
hibiting the rotslion of the v 



Fig. 3a. 




very shallow vessel, as a tea-sauuer, 
for containing the mercury, and lo bring 
a strong magnet underneath as near to 
it as possible. It may even be placed 
under the table on which the vessel is 
laid. Under these circumstances, Ihe 
revolution. of a wire, aUowed lo dip into 
the mercury as before, will lake place as 
soon as it is placed in the voltaic circuit. 
The etfect is the same, nhether the 
ma^etbeheld in a horizontal or vertical 
position, or inclined at any an^le- pro- 
vided the magnet be of sufficient length, 
so thai the influence of Ihe other pole 
may not act sensibly upon the wire. 

(65.) An anparatus was constructed 

by Mr. GrifRtlis, for exhibiliuK. in like 

manner, the simultaneous revohition of 

two conducting wires round the opposite 

cork, P"'" °l magnets. Two copper v - 



<63.) Mr. Faraday also contrived a 

■mall apparatus, answering a similnr 

purpose with Ihe last, and in which the 

wire revolves very rapidly, wifh a very 

small voltaic power. It consist; of a 

pieceofglasstube,GG,fc.39,thelo* 

end of which is closed by a com, ■ j j - . ;- . 

K_ 33 through which a small -""spe"<i«d so as lo move freely, 
^S- 3a- „ip„„=,f .„f, i,„„ „,„ •„ m*ie lo dip into a shallow 



taining mertiiry, in which were fixed two 
bttrmagnels, with their opposite pulc» 
raised above the surlHCi^. Un making 
the connexion between the battery and 
the apparatus, the wires revolved roiiml 
" " aanels simultaneously, but in op- 



piece of soft 
passed, so as lo project 
above and below the cork. 
A liltle mercury is then 
poured in. to form a chan- 
nel between the iron wire 
and the glass tube. The .. r .. -. 

upper orfHce is also closed P™'*' T"'^"'."' > r i . 

by a cork, through which <"■> The two forms of electro-mag- 
■ niow <if nUliniim «irB "^"^ rotation which have now been 



a piece of platinum wire T -i^' 
parses, and terminates be- '^*^^. 
low by a loop;- another 
fj Q piece of wire hangs from 

this by a loop, and its 
lower end, which dips a 
very little way into the- 
mercury, being amalg>i- 
mated, it is preserved from 
adhering either to Ihe iron 
wireortolheglass. When 
even a feeble voltaic com- 
bination is connected with 
theupperandlowerendsof 
this appMra'us, andthepole 
of a magnet is placed In 
contact with the external 
M end of Ihe iron wire M, 

Ihe moveable wire within rapidly ro- 
lales round the temporary magnet tims 
formed by induction at the moment, and 
by changing either the connexion or the 
pole of the magnel in contact with Ihe 
iron, Ihe direction of the motion itself is 
changed. This apparatus has been 
mode so small as to produce rapid revo- 



e exhibited at the samu 




ma 
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hme, by an apparatus contrived by Mr, appearing to pursue and be punued by 

Faraday, in which the cups employed the other round the circumference of th« 

in ttie two first experiments are both circle descril>ed by their revolution, 

acted upon by the same vohaic battery. (See Jig. 41.) 

This compound apparatus is shown m (68.) After the diacoveiy of the revo- 

fig. 40. The cups in which the lower lution of a magnet round a conducting 

wires proceeding from the boitom of wire, and of the wire round a magnet, 

each cup respectively terminaie. are many attempts were made to obtain the 

made to communicate by means of rotation of a magnet, or of a conductor, 

wires with the opposite poles of a bal- round their own axes. AmpSre was the 

teiy. The upper wires communicate first who accomplished the former of 

by a cross wire, supported byan upright these objects, which may be effected by 

pdlar fixed in the middle of the stand, the following method :— The cylindrical 



The currt-iit of electricity, therefore, will 
ascend through (he mercury and wire in 
oneof the cups, and descend in the other, 
and produce at the same moment a re- 
volving motion of the magnet in the one 
ease, and in the other case, a revolution 
in the moveable wire. A cup is also 
placed over the middle of the cross wire 
for the convenience of sending the elec- 
tric current in the same direction along 
both the wires, by mailing it communi- 
cate with one of the poles of the voliaic 
liattery, while the lower cups both com- 
municate with theolherpole. Theadop- 
tion of tliis arrangement will produce a 
con espondin;< change in the direction 
of one ot the rotations. 
Fig. 4}. 






nthe section. _/^.42,termi- 
lower extremity in a sharp 

Fig. 42. 



(67.) The two phenomena may even 
be shown in the same vessel, if, in that 
containing the moveable magnet. Jig. 33, 
the wire which dips mto the mercury be 
rendered moveable, as in _^. 38, by a 
mode of suspension adapted to IJiat 
purpose. The wire and the magnet will 
then both revolve in the same direclion 
round a conimoD centre of motion, each 



sleel point, which rests in the centre of a 
conical cavity of agate, in (he botlora of 
the vessel, which may be either of glass 
or wood. The upper end of the magnet 
is supported in a perptndicular position, 
by a thin slip of wood, passing across 
the upper part of the vessel and resting 
against its sides, having a hole through 
which the magnet passes freely. A 
piece of quill is fitted on the upper ex- 
tremity of the magnet, bo as to form a 
cup or reservoir above it for receiving a 
small quantity of mercury. Into this 
mercuiy is inserted the lower end of 
a wire which is amalgamated, in order 
to obtain a perfect metallic contact, 
while its upper end terminates in a cup 
holding a globule of mercury, for the 
purpose of forming a communication 
with one of the poles of the voltaic bat- 
tery. The vessel tieing filled with mer- 
cury, so as to cover Ihe lower half ol 
the magnet, Ihe galvanic circtiit is com- 
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pleted by means of a thick copper wire 
proceeding from the bottom of the vessel, 
coming out through the side, and termi- 
nating in another cup holding a small 
quantity of mercury, by which a com- 
munication may be established with the 
other pole of the battery. As soon as 
this connexion is effected, the ma^et 
begins to revolve round its axis with 
great rapidity, the rotation continuing 
as long as the connexions with the bat- 
tery are prescived and the battery retains 
its power. 

(69.) In the orijjinal experiment of 
Ampdre, the magnet was allowed to 
float without support in the mercury, 
bethg kept in a vertical position by a 
weight of platina attached to its lower 
end. But this addition to the whole 
mass to be moved occasions a great 
diminution of effect, so that the appa- 
ratus above described gives a much 
greater velocity of motion with the 
same galvanic power. 

( 70.) The same phenomenon has been 
exhibited in various ways; the principle 
on which it depends is that the electric 
current should descend through the 
upper half of the magnet only, so as to 
act exclusively on the pole which is 
situated in that half, and afterwards be 
diverted from the magnet, and made to 
pass away in such a direction as that it 
shall not atfect the lower pole of the 
magnet. In the experiment above re- 
lated, the electric current, after travt-rs- 

Fig, 43. 




ing the upper half of the magnet, passes 
into the mercury, and being diffused 
through it, acts in no sensible degree 
on the lower pole of the magnet, and 
does not interfere with the rotation pro- 
duced by its influence on the upper po!e. 
There are several circumstances, how- 
ever, to be taken into account, in ex- 
plaining this experiment, which cannot 
now be easily rendered intelligible, and 
the notice of which must be reserved 
for a future part of the Treatise. 

(71.) The same object is attained in 
the following manner, by an apparatus 
represented in ftg, 43, and in section 
in Jig, 44. A magnet, pointed at both 
ends, is supported below by an agate 
cup fixed on a stem rising from the 
bottom of the stand ; while its upper 
point is lightly pressed upon by a screw, 
with a milled head, passing through a 
screwed hole at the top of an arched 
beam, which forms part of the sustain- 
ing frame- work of the apparatus. Near 
the middle of the magnet, this frame 
supports a stage in the form of a ring, 
through the centre of which the magnet 
passes freely, and carrying a circular 
cistern of mercury, which also sur- 
rounds the magnet, without touching 
it. A similar cistern of mercury sur- 
rounds the lower stem, which supports 
the agate cup. A copper wire, project- 
ing into the interior of each of these 
cisterns, passes out through its sides, 
and, being bent upwards, terminates in 
a small cup, holding a little mercury, for 

Fig. 44. 
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' effecting the conimuniCRtion with the employ in ita place s hollow cylinder of 
voltaic battery by wires, in the usual melal, capable of receiving the pole of 
manner. A small nire, pointed and a mngnet in its axis. Such an xirange- 
amaleamated at its end, is affixed to the ment, which was devised l>y Mr. Barlow, 
middleotthcma^etjimmcdiatelyabove is exhibited by .^. 4S, which repre- 
the cistern, and is bent so as just to dip sents a section of the apparatus. A 
intothemercurycontained in theeislem. bar magnet is fixed uprifjht in a solid 
A similar wire, proceeding from (he stand, which has a (avity adapted lo 
lower end of the magnet, is made to dip receive it, and which also supports a 
into the mercury contained in the lower circular trough of mercury, surrounding 
cistern. Thelowerhalfonlyofihe mag- 
net being thus made to form part of the ^' ^^■ 
galvanic circuit — which is continuous 
from one cup through the cistern of 
mercury, the wire belonRing to the 
magnet, the magnet itself, the other 
wire, the other cistern of mercury, and 
the wire terminating in the other cup — 
receives the exclusive influence of the 
electric current which passes through 
it, and begins to rolate with considerable 
velocity round the axis, which is con- 
itituted by its upper and lower points 
of support. "Die degree of rotatory 
effect will depend very much on the 
delicacy of the suspension of the mag- 
net, so that the friction at the points 
may be as small as possible. 

(72.) When the ma^^et is laige, it has 
been proposed to gam additional rota- 
tory power by directing anolher electri- 
cal current to be supplied from a seconil 
battery along the upper half of the 
magnet, but in a direction contrary to 
that which passes through the lower 
pole. This might certainty be effected 

by removing the milled head of the ver- the magnet as in the former instances. 
lical screw, and supplying its place by a C C is a light hollow copper cylinder, 
small cup to hold mercury, and by care- the lower edge of which dips into the 
fully amalgamating the lower end of the mercuty in the trough; and the upper 
Screw where it touches the magnet. But part is supported by an arch of the same 
since the rotatory force is proportional to melal, from the middle of which (here 
the power of the voltaic battery used, it proceeds a steel-pointed wire, passing 
is very doubtful whether the second downwards so as to rest in an agate 
battery required in thb latter method cup fixed to the top of the magnet, and 
might not lie ecjually efficacious if it also passing upwards and terminating 
were employed in mcreasing the strength in a small cup P, holding a little mer- 
of ttie iirst battery, by beme joined to cury, for the purpose of effecting a 
it, in the former mode of conducting the communication witli the voltaic battery, 
eiperiment. A wire proceeds from the inside of the 

(73.) Having thus succeeded in mak- trough, and passingout, is bent upwards, 
ing the magnet revolve on its own axis, so as to terminate in another cup with 
it next became an object to effect, in mercury N, for establishing the c" 

Iti.^ 

, - -^Jvthe 

electric agency in the interior o. . . , 

magnet, so in the present instance some of the battery introduced into the cup 

means were to Ik devised for procuring F, lieing prevented from passing into the 

the action of the magnet from the in- magnet by the interposition of the agate 

terior of the conducting body : hence it cup, can find no ojher channel than the 

was necessary lo discanl the wii'e, and copper cylinder, down the sidcsof which 
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it will descend inlo the mercury in the poried verlicall; in a stand, a* sho^ in 
trough, And thence, puiing out by the ^,46. Two wooden circular troughs are 
wire below, will proceed through the fixed upon the arms of the ninenel, 
cup N, and he received by the wire com- and lecured by binding screws. These 
munieatiiw with the negative end of the troughs contain the mercury into which 
battenr. The cylinder may therefore bo the lower margins of the hollow cylin- 
reguded as consisting or a collection of ders dip. The upper part of each cylin- 
panJIel wires, each oT which receives der is formed inlo a hemispherical cup, 
from the pole of the magnet placed in which is traversed in the middle by a 
the interior an impulse to move in a pointed wire, resting below in a small 
direction parallel to itself. cayity in the centre of the extremity of 

Those on opposite sides of the rang- the magnet contained within the cylin- 
net will be urged to move in opposite der, and having at its upper end a small 
directions ; but as their forces act un cup to liold mercury. Two other cups, 
oppositeKides of the Bxisof motion, they also containing a small quantity ut 
will all concur in their rotatory effect, mercury, are suppirted upon the cxter- 
The whole cyUnder is accordingly found nal ends of bent wires, which pass 
tu commence revolving as soon as the through the sides of the circvilar (roughs 
into the mercury contained in Itiem. 
Fig. 46 '. Thai a continuous metallic communica- 

tion is established fi^im one cup to rhe 
other, on each side, through each cylin- 
der which surrounds Ihe diffei'eni poles 
of the magnet. If a stream of electri- 
ciiy from a voltaic battery be made to 
pass in the same direction in both the 
cylinders, they will resolve in contrary 
directions, being acted upon in an op- 
posite manner by the two poles which 
they surround. But if the two upiier 
cups lie united by a short wire dipping 
its two ends in the mercury they contain, 
and Ihe lower cups be connected, the 
one with the pusilive, and the other 
with the negative poles of Ihe battery, 
the same stream will ttaverse both sidts 
of fhe apparatus, passing upwards in 
one cylinder, and downwards in the 
other ; and Ihe rotatious thence arising 
will now, from the contrary influences of 
the two poles, be in the same ditection 
in both the cylinders. 

(7S.) The rotation of a condiicline 
body-round its own axis, as exhibit^ 
electric current is sent through il i and j? 'he experiments just lelaled (f J3), 
the resistance it meelswith being slight, throws considerable light upon the cir- 
ils velocity soon becomes very consider- cumstances of the experiment before 
able. After what has formerly been described, in which a magnet was m^o 
said, it is scarcely necessary to add. that '" r"'***, ^^°}^^ "» ."'» ' f?,^ 'he expla- 
the course of its motion is from left to nation of ihatexperimentwillveiyrauch 
right, or the same with that of the hands ^^P'='^^ "P"" '"« ^"""'^ ""'^V "« ^"P- 
of a watch, when the electric cuiTenI is P°s« 1?'"^" ^V "jf e'ectncsl current 
descending along the cylinder, and when ^"""5 '<« passage through Ihe magnet. 
Ihe enclosed part of the magnet is its ^ "."^ supposed it to pass through the 
north pole mteiior of llie magnel, Ihat is slong the 

(74.) The motion is reversed when ""'S' .^"<' P"-^' adjacent to it. it would 
eilher of these conditions is reversed, occasion rolalion by its influence on the 
This may be conveniently exemplified P"^^ o' '",« mafi"et that are situated 
in the two poles of the same magnel by "e"'^'- *•> "'^ surface, and further from 
employing a horse-shoe magnet, sup- '"e axis. On the other hand, if we 

Bup[)0SB the course of the electnc cur- 

' ^K Mr wmkicii'i staich, p T*. ~ *^* '" ^ nearly super&ual, Ihen it will 
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itsdf be influenced by the polarity of munication* with a voltaic battery by 

those portions of the magnet which means of the two clips containing mer- 

lie near the axis, and the rotatory ten- cury. This experiment is important, 

dency impressed upon it will produce inasmuch as it appears to show that Ihe 

the rotation of the magnet, which will, action is the same, whether the magnet 

of course, be carried along with it On from which it proceeds be in motion or 

the latter supposition, it will correspond, at rest. We siiall have occasion, how- 

in all its circumstances, with the experi- ever, in a future part of this treatise, to 

ment j 73, in which the conducting point out another mode uf explanation 

body is urged to rotate by the influents arising out of a different view of tile 

of a magnetic pole situated within it i subject. 

excepting only, that in the former case (77.)On theolherhand,whenahollow 
the mc^;net and the conducting body cyUnder of metal, balanced on a point 
were one and the same, while in the on Ihe upper end of a vertical axis of 
latter they were different and separate, wood, and its lower edge dippim; into a 
Mr. Faraday has shown, however, thai frcugh of mercury, is acled upon by one 
the circumstance of the magnet and ofthe poles of a magnet placed on the 
conductor being imnioveably joined to- outside, and brought near it, as shown 
gether makesnodifferenceintheresults. in the section 7^. 4S, where M is Ihe 
Thus let the magnet M, represented in magnet applied lo the cylinder C, ba- 
secliun, fig. 47, be loaded at its lower lanced in tne wooden stand 8, Ihe rota- 
end with a platina weight, and fixed at tory force is very feeble, compared wilh 
its upper end on a piece of card or wood, that which takes place when the mag- 
hau>ng two branches of a strong wire, 
W W, descending from its upper edge ^^> 48. 

Fig. 47. 



net acts from within the cylinder. The 
reason is, thatthe tendencies to metion 
of those portions of the moveable con- 
ductor which are most remote fVom the 
magnet, and of those which are nearest 
to it, are in opposite directions with re- 
spect to the centre of motion ; and, if 
the conductor be cylindrical, and the 
current equally distributed on every 
side of it, must always exactly coun- 
terbalance one another. This will be 
evident when it is considered that, 
although these latter portions are, in 
consequence of their greater proximity (o 
along its two vertical edges, and »«ini- Jh? magnet, acted upon more al«>ngly, 
natiiig below in points; so that the .this advantage is compensated by the 
whole may float, in a vertical position, greater extent of the portion on the re- 
in a vessel fuUot mercury, from the bot- raolf "Je, which is acted upon more 
torn of which a wire proceeds, support- fe^blj-. But this equilibnum will not 
ing the cup N ; another cup, P, being obfam if. as generally happens, the elec- 
placed upon the upper edge of the wires trie current be unequally distributed. 
W W. The whole moveable part of If. for instance, it pass along one side 
this apparatus will rotate by the trans- only, the cylinder will revolve when the 
mission of an electric current through magnet is brought oppositeto it on that 
Ihe wires, on making the projier com- aid^. 
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<7B.> It appear!!, by the resiill of Ihe ported by an arched wire. A, bavinf; « 
vxpenment related in } 73, thai the steel point proceeding downwards from 
eieclTo-magnetic influence of the con- the middle of its curvature, is introduced 
tluclor talies place equally when the between the two platei of the double 
current of eleolricity a diffused over a copper cj-hnder, so that the steel point 
considerable lurface, as when it is con- 

centrated in a slender wire. The effects ^'g- *»■ 

will, of course, l>e weaker in proportion 
as it is diffused ; but when the whole of 
these scattered forces can be braue;ht 1o 
bear in the production of any effect, the 
amount will he Ihe same as when they are 
concentrated in a smaller space. Thus 
every filament of Tvbich the cylinders in 

these experiments may be supposed to , l- 

be resolved, conducts its respective por- 
tion of the electric current, and con- 
tributes its share in the production of 
one common effect, namely, the revolu- 
tion of the cylinder. 

In like manner it has been found that 
the stream of eleclricitj?, which is pass- 
ing through the volt^c battery itself 
IKim its negative to its positive pole, 
exhibits the same electro-magnetic 



battery, and in circumstances equally may rest upon the arched plate of the 

favourable to the action of ihe current, inner cylinder, and remain balanced in 

will be affected in the same way as it this position. On introducing diluted 

is by the wire itself. Now as all action acid into the copper vessel, a galvanic 

implies a corresponding and equal re- action immediately commences ; the 

action, it is reasonable to infer that, as electric curient passing from Ihe zinc to 

the ballery produces molion in Ihe mag- the acid, and ascending from (he copper 

net, so the magnet might be made 1o through the pivot back again to the 

movelliebattery, if a sufEciemly delicate zinc. Hence the zinc is in the eitualion 

susi>ension could be contrived for the of a conductor conveying a stream of 

latter, so as to render its motion sensi- electricity downwards, and under the 

ble. This could scarcely be effected influence of the magnetic pole which it 

with a compound battety of any size: surrounds. It will consequently revolve 

but by reducing it to a single plate, with an accelerated motion, which is at 

making it as light as possible, and sup- length rendered uniform by the friction 

porting it on a single point, in the way of the fluid. 

m which the cylinder was sustained in Mr. Barlow stales that he has fre- 

the last experiment, this object has been quently, with this simple apparatus, 

accomplished by Ampere. produced a velocity of one hundred and 

(79. J The apparatus he employed for twenty revolutions in a minute, 

this purpose is represented in section, in (80.) The iheory just explained is pret- 

j^. 49. It consists of a double cylinder tlly illustrated by an addition to thepte- 

of copper, C C, about two inches and a ceding apparatus which was made by 

half in diameter, and the same in h^ht, Mr. J. Marsh ; and which consists in 

closed at the bottom, so as to form a having asecond steel point fixed under- 

vessel capable of holding diluted acid, neath the upper part of the arch which 

The whole is supported by an arched sustains the copper cylinder : thecopper 

plate of metal, which passes across the_ vessel may, by means of this point, be 

upper orifice of the inner cylinder on itselfbalancedon the top of the magnet, 

tiie upper end of a strong magnet, M, while Ihe zinc cylindrical plate is ba- 

which IS introduced through the middle lanced on the former; ana each may 

of the cylinder. A cylinder of zinc, thus turn round its own centre indepen- 

Z Z, made as light as possible, and sup- denlly of the other. This arrangement 
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is represented in the seclion^. 50. As trary direclions at their opposite sides. 
the eleetric_ current ascends in the fliey will, on the other hand, conspire 

in producing th- -a--... 

, wire nlaced Iielw 

will be urged hy 
the magnet in its 
interior, to revolve 
in a direction con- 
trary to the motion 
of the zinc cylin- 
der. The velocity 
of the copper vessel 
IS, however, muuh 
smaller than that 
of the zinc, not 
onl^fromitsgreater 
weight, and from 
carrying besidesthe 
whole quantity of 
-acid, but also from 
the friction of its 
S pivot Iwing in- 
crensed by the 
weight of the zinc 
plate which that pi- 
vot has to support. 
In this double re- 
volution, also, the 
e plate is further n 



<rf the conducting wires p n, p" «'. Jis^- 
I, S3, in which the electric current is 



moving in a contrary direction. 

(81.) Mr.Watkins has apphed a 
paratus of this kind to each otthe poles 
of a horse-shoe magnet, firmly fined in 
amelalstandat its bent part, as shewn 
in_/^. 51. The upper ends of the mag- 
net are furnished with agate cups for 
receiving the steel points on which the 
apparatus is supported. The wire it- 
self traverses the arch affixed to Ihe 
copper vessel, and terminates in a point 
at its upper extremity also, so that the 
arch connected with the zinc plate rests 
upon it. When the apparatus is brought 
into action by charging the vessels with 
add, the four cylinders are seen to re- 
volve on their axes, the two copper 
vessels turning in opposite directions, and 
the two zinc cylinders turning in direc- 
tions opposite to these, and of course 
also contjiary to each other : the rapidity 
of their revolutions, depending on the 
power of the magnet, on the strength of 
the diluted acid, and on the delicacy of 
their suspension. 

(82.) Horse-shoe magnets maj' also 
t>e conveniently employed for combin- . 
ing the effects ofbolh poles in giving descending from p to *, when placed 
motion to a conducting wire. The between the magnetic poles N and S, 
operation ofthe two poles being in con- the former being north, and the latter 



so 
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fouth, and which, for the fwke of illus- 
tration, we may conceive to be insulated, 
win be urged by their united influence 
to move parallel to itself, in the direction 
denoted by the arrows a, a, in the figures ; 
that is, from right to left, if the north 
pole be behind, and the south pole 
before, as in fig. 52 ; and from left to 
right, if the poles are in a contrary posi- 
tion, as in^. 53. 
^ (83.) Several amusing experiments 
have been contrived, in which vibratory 
or rotatory motions of different kinds 
are obtained by various applications of 
this principle. 

The following is the invention of Mr. 

Marsh. A conducting platina wire W, 

fig- 51, is suspended by a loop from a 

Fig, 54. 



r 



T. 



r 



w 




metallic hook at the lower end of ano- 
ther wire, which is fixed to the end of 
the arm of a stand ; and which supports 
above the small cap P, to contain mer- 
cury.. The lower end of the platina 
wire, which thus hangs freely, dips into 
a small cistern of mercury. Q, formed 
out of the wooden base, and is just mid- 
way between the two poles of a horse- 
shoe mag et, M, laid flat upon the same 
base. 

The mercury in the trough is placed 
in electrical continuity with another cup, 
N, by. means of a wire passing out from 
the side, and supporting the cup. On 
making a communication with the two 
ends of the voltaic battery by means 
of these cups, the current passing along 
the loose- platina wire, being influ- 
enced by the magnet, urges the wire 
either forwards towards Q, or back- 
wards towards M, according to fne 



position of the poles, and the direction 
of the current In either case it is 
thrown out of the mercury; and the 
circuit being thus broken, the effect 
ceases, until the wire falls back again 
by its own weight into the mercury; 
when the current being re-established, 
the same influence is again exerted, 
the phenomenon is repeated, and the 
wire exhibits a quick succession of vi- 
bratory motions. 

(84.) This reciprocating movement of 
the wire may be converted into one of 
rotation, by adapting, as pronosed by 
Mr. Barlow, a spur-wheel, as shewn in 
fig. 55, to the lower part of the upright 
wire, which must then be firmly fixed 
to the arm of the pillar. The wheel, 
being constructed so as to turn round 
freely, will revolve with great rapidity 
as soon as the contacts are made with the 
battery : for this purpose, however, the 
wheel must dip so far into the mercury, 
as that each of the rays shall touch the 
surface before the preceding ray has 
quitted the mercury. The direction of 
the motion depends, of course, on the 
same circumstances as were before men- 
tioned : Mr. Barlow observes, however, 
that in general the experim'ent succeeds 
best when the wheel revolves inwards. 

Fig. 55. 




(85.) But it is not necessary to divide 
the wheel into rays in order to produce 
the effect above described ; for a cir- 
cular metallic disc substituted for the 
spiu'-wheel will revolve equally well, 
when it is traversed by an electrical 
current passing into mercury between 
the poles of a horse-shoe magnet. For 
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this purpose the circumference of Ihe 
disc should merely fouoh the mercury in 
Ihe trouah. It ia necMnary also thst it 
be well amalgainated : Ihia is best done 
by removing it from its centres, and 
cleansing Ihe edge thoroughly by a file, 
and then dipping a giicce of wire into 
nitrate of raercury. and taking up with 
it a portion of the mercury contained in 
the nitrate, transferring it to the edge of 
the disc, by nibbing the wire, coated 
with mercury, round it. This substi- 
tution of a continuous for a divided disc 
was sugeesled by Mr. Sturgeon, 

(86. J The same current may be em- 
ployed to turn two wheels with radii, t)y 
disposing them in the manner shewn in 
fig. 56, at the extremities of a horizontal 
wire which is supported on two pillars 
arising from the stand, nnd which serve 
" ■' " 'a of the wheels. 



Fig. 36*. 



is that described by Mr. Watkins, and 
which is represented in/|r. 57. 

It consists of adoublec)lindrica1 vessel 
made of thin copper, with a bottom of 
the same metaL A pUte ofzinc rolled 
Into a cylinder, of a diameter interme- 
diate between those of the copper cylin- 
der, is introduced between them, but 
prevented from touching them in any 

fiart, by three wooden feet placed nt (lie 
iottom of the vessel, and also liv pieces 
of wood interposed as wedges between 
the sides. 

A copper wireis soldered In the inside of 
the lop of the outer copper cylinder, and 

Fig. 37. 



The lower ends of the rays dip into 

troughs of mercury, each lying between 
the poles of horse-shoe magneLa, Each 
trough has its respective wire and cup 
P and N for making communications 
wilh the voltaic battery. The current 
passing from Ihe one cup tothe mercury 
m the trough on Ihe same side, rises 
along the rulius, which-dips into it, and 
passing along the axis, arrives at the 
other wheel ; then descending along its 
radius into the mercury, it makes its 
exit by the cup on that aide. The elec- 
tric currents, moving in opposite direc- 
tions in the two wheels, require a con- 
trary disposition of the poles of the two 
magnets by which they are to be acted 



both be of the same kind ; as must also 
be those that are exterior to them. The 
velocity of the wheels thus revolving by 
the united action of both magnets is 
very great. 

(86.) The experiments on electro-mag- 
netic rotation we have described, do not 
require for their successful performance 
a voltaic batteryot any considerable si^e 
orpower. If the magnets be sufficiently 






Tbtj ihould 



has a small cup P, fixed at its extremity; 
the wire passing through the bottom of 
the cup in order to come in contact 
wilh the mercury placed in it. Another 
and similar vrire N, is also affixed to 
the upper edge of the zinc cylinder, 
likewise terminating in a' cup which 
holds merciit^'. The battery is charged 
by filling the copper vessel with diluted 
acid ; ami the electric current, which is 
the efTect of the voltaic action thence 
arising, may be ea.<tily transmitted to 
the apparatus where it ia wanted, by 
means of two bent copper conducting 
wires, one end of the one being inserted 
into the mercury contained in the cup 
proceeding from the line cylinder, and 
the other in the cup fixed to the copper 
cylinder; while the other ends are im- 
mersed in the mercury placed in the 
cups attached to the apparatus. The 
current may be arrested or renewed at 



32 ELECTRO- MAGNETISM. 

&ny moment, by remoTing one end of (89.) Sir Humphry Davy found Ihnt 

either connecting wire from its cup, or Ihe arched stream of electrical li^lit 

by replHcing it. The direction of the which extends between two poiols of 

current may also be reitdily changed, by churcoal that are placed in thevollaio 

merely excnanfcing the situation of the circuit, as described in the Treatise on 

wirei in two of the cups. The extre- Galtanisii, $27, is [brown into a rapid 

mi'les of, the connecting wires should rotatorymotionbytheaction of the pole 

be made perfectly bright, and the ends of a magnet placed near it *. 
of the wire arms which support Ihe 

cups and enter the mercury in them, Ckaptbk VII. 

ought also to be in a similar stale, so Conemiralion qf BfficI,. 

(hat a pertect metallic contact may be v ji 

preserved. (90-) We have already seen. J 92. that 

(87.) In making electro-magnetic ex- "hen a conducting wire is placed be- 

periments, where numeroa* repetitions t"een the contrary poles of a magnet, it 

of contacts between wires are often re- >«!eives a similar influence from these 

quired, it is extremely useful, i( these poles.ftndiaurgedtomoveinoneparticu- 

wires are of copper, to rub the ends lardireotion by the united forceofboth. 

over wilh a little nitrate of mercury; an ■*■ similar combination of powers will 

amivlitam is thus formed on the surface w^i", "■«" the pole of a rnnKnet is 

ofihe copper, which does not oxidate or P'aced between two paralid conducling 

becrtne dirly, as copper itself does, but """e^- "". "h'"" '"^ rfectric currents are 

remains bright, and tit for voltaic con- moving in opposite directions. Thus, it 

tact for a considerable length of time, llw needle N S, Jig. 58, balanced as a 

For this useful munipulation we are in- jx^ ,a 

debted to Mr. Faraday. '*■ "**■ 

(88.) The movement of currents by 
the influence of the pole of a. magnet 
may be exemplified in fluid as well as 
in solid conductors. Thus mercury, 
while conducting a current of electricity, 
is made to exhibit these motions with a.*-^ 
the greatest facility. By immersing the 
points of the positive and negative wires 
into a shallow buin containing mercury, 
a mH^et held either above or below 
the line of communication will cause 
Ihe mercury to revolve round the points 
from which the currents diverge. This 
motion may be rendered more evident 
by covering the meroory with a very di- 
lute ai-id solution, which occasions the 
disengagement of bubbles of air which dipping needle, be placed between the 
are moved along with the mercury. The two wires W, ic. in the former of which 
same phenomenon may also be exhibited the cuirent is ascending, and in the lat- 
in the following manner. If the positive ter descending, the north pole of the 
wire terminate m a steel point which is needle will be urged in the same direc- 
dipped into mercury contained in a shal- tion. denoted by the arrow a by both 
|.>w basin, so as lo convey into it an the wires, in a plane parallel to the 
electnc current, which, passing in radi- wires, and at right angles to the plane 
atmg lines through the mercury, is re- in which they are both situated. The 
ceived bya copper ring surrounding the south polewill also be ureed in thecon- 
sleel point, and so tranterred to the ne- traiy direclion by both wires ■ and the 
galive pole,— by plwing the pole of a needle will, by the combination of these 
strong magnet underneath tl-e basin forces, have a strong tendency to turn 
immediately below the steel-poinled upon its centra 

wire, the mercury will be seen to revolve (91.) if [he wires be joined together 

rapidly in a vortex round the point from at either end, or, what comes to the 

which the currents diverge. The revo- same thing, if a continuous wire be bent 

lulion IS in the contraiy direction, if back upon itself, an electric current 

either the direction of the current be — - — . 

reversed, or the opposite pole of the ■PuioiDphicBi T»iiucUaii>ro>iMi.p.u7 
magnet be applied. 
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sent through such a wu'e will affect a 
needle placed between its two branches 
with twice the force that a single wire 
would have exerted. This effect may be 
exhibited by the following simple appa- 
ratus, represented in J^. 59 ; where the 
two cups terminating the l>ent wire 
W A to B which passes al)ove and be- 






Fig. 59. 
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low a magnetic needle balanced on a 
point, enable us to transmit through it 
an electric cuiTcnt in any direction we 
please. This current, movmg in opposite 
directions in the upper and lower hori- 
zontal portions of the wire, will con- 
spire, in both cases, to deflect it from 
its natural position in the same direc- 
tion, and to bring it into a position 
nearer to a right angle to the plane of 
the wires. 

.(92.) The force with which each pole 
is impelled in a line at right angles to 
the plane in which the wires are situated, 
is directly as the intensity of the cur- 
rent, (supposing it to be equal in both 
wires,) and directly as the length of the 
interval between tne wires, and also in- 
versely as the square of the distance of 
the pole from the wires. This will ap- 
pear from the following considerations. 
Let A and B represent the sections 
of two wires passing perpendicularly 
through the plane of the figure, C being 



passes through AB, and comprehends 
the two wires. Supposing the wires to 
be of indefinite length ; the law of ac- 
tion is such, that the intensity of the 
tangential force exerted on the pole P 
by the wire A, is inversely as the dis- 
tance A P, which we shall call a, and is 
in the direction P Q, perpendicular to 
A P. In like manner, the wire B exerts 
upon the pole P, a force in the direction 
of P S, and which, on the supposition of 
an equal intensity in the two currents, 
is equal to the former force. If these 
two forces be represented by the hnes 
P il and P S, which we shall call q and 
*, the resultant force will be represented 
by the diagonal P R of the parallelo- 
gram, having P Q and P S for its sides. 
Calling PR, r, and AB, t, we have 
ti^ proportion. 



that is. 



a '. % ::q r. 



Fig. 60. 
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the middle point of the line A B, which 
constitutes the interval between them. 
Let the magnetic pole P be placed at 
various distances along the line C R, 
perpendicular to A B, and consequently 
perpendicular to the vertical plane whicfh 



but, in different positions of P along the 
line C R, ^ will vary inversely as a ; and 

therefore r will be as -L ; that is, the 

force by which ♦he pole P is urged in 
the direction of the line C R, by the con- 
joined action of the two wires A and B, 
varies, in different situations in that line, 
inversely as the square of its distance 
from either of the wires, and directly as 
the length of the interval between the 
wires. 

(93.) In order to estimate the rota- 
tory force exerted on a needle constrained 
to move round a fixed axis in a plane 
perpendicular to that of the wires, as in 
the examples above given, {J 90, 91 ; it 
will be necessary to resolve the force 
above found into one acting in the di- 
rection of the Jangent to the circumfe- 
rence of rotation ; that is, to reduce it 
in the proportion of radius to the cosine 
of the angle which the needle forms with 
tiie plane of the wires. 

(94.) In the situation of the magnet 
represented in Jig, 59, where the wires, 
instead of extending indefinitely in the 
horizontal direction, enclose the magnet 
silso on the sides, the influence of the 
lateral portions A and B require to be 
taken into accouiit in estimating the 
effect produced. A Tittle consideration 
will satisfy us that the action of these 
parts concur with those of the horizontal 
portions in giving the same directive 
tendency to the needle; and that, in 
fact, if we suppose the wire to be bent 

D 
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into a circular form, as shewn \nflg. 61, 
the magnetic pole P, placed ir. the centre 

Fig. 61, 




of the circle, or in a line passing through 
that centre, and at right angles to its 
plane, would be impelled in one uniform 
direction by an electric current trans- 
mitted through the wire, ia every part 
of its course along that circular bend. 
(95.) Supposing it were possible for 
the current to move in a perfect circle, 
its direction being that indicated by the 
arrows in figures 62 and 63, the north 
pole of a magnet placed in its centre 
would move to the right, and the south 



reaches that plane; but the moment it 
passes through it and comes on the 
other side, a repulsion equally strong 
with the former attraction commences ; 
gradually diminishing as the distance 
from the plane increases. 

(96.) This hypothetical case may in 
some measure be realized in a very in- 
genious apparatus invented by M. De 
ia Rive *, and which is shown itifg. 64. 
It consists of a small galvanic batteri. 
formed by a pair of zinc and copper 
plates, Z and C, attached to a cork of 

Fig. 64. 



Fif. 62. 



Fig.ez. 






pole to the left ; as shewn by the arrows 
at N and S. If tne north pole of a 
magnet, therefore, were presented to the 
right hand side of this circiflar current, 
it would tend to move away from it, 
having the appearance of being repelled : 
and since a similar and reciprocal action 
takes place between the magnetic pole 
and the electric current^ the latter, 
together with the wire which conveys it, 
will, if at liberty to move, recede from 
the magnet, or appear to be repelled by 
it. Just the contrary would happen if 
the south pole of a magnet were pre- 
sented on the same side ; that is, there 
would be the appearance of a mutual 
attraction between them. But when 
either of these poles is presented on the 
other side of the plane of the circular cur- 
rent, effects of an opposite kind are pro- 
duced : the north pole appears to attract, 
and the south pole to repel. If the 
north pole, which thus appears to attract 
on one side, he brought nearer and nearer 
to the plane of the circle, the apparent 
attraction goes on increasing, till it 



sufficient size to enable the whole ap- 
paratus to float on the acidulated 
water which is to act upon the zinc. 
Each of the metallic plates is about half 
an inch wide, and extends nearly two 
inches below the cork, through which 
its upper end is made to pass. A piece 
of copjper wire, W, covered with silk 
thread, is affixed td the copper plate, 
and passing upwards througn the cork, 
is bent into the form of a circle of about 
an inch in diameter, so that the other 
end returns into the cork and may be 
soldered to the plate of zinc. In the 
galvanic circuit which is thus formed by 
the acid and the plate:; of zinc and cop- 
per connected by the wire, an electric cur- 
rent is determined from the copper plate, 
along the circular wire, to the zinc plate, 
as shown by the arrows; and the mo- 
bihty of the floating apparatus affords 
the btest opportunity of exhibiting all 
t!ie effects of the attractive and repul 
sive tendencies we have just been de- 
scribing, when a magnet is brought 
near it on either side. It is proper to 
remark that the instrument is rendered 
more powerful by causing the wire to 

*^ * This apparatus is described in the Biblt- 
othi&qae Unrversel, vol. zyi. p. 201 } and in the 
Quarterly Journal of Science yoI. xii. p. 184.- 
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mtke five or six turns in the drcle. and getting entirely clear of the mnj^et, it 
then tying the coila together so us to is projected to a considerable distance 
form a ring, which being thus composed from it. At length, however, it stops, 
of a number of concentric circles, the and, gradually turning round, presents 
aotionofeach is combined, and the power the opposite face to Ihe magnet; aflr«c- 
hs it were multiplied by the number of lion now lakes place, and Ihe ring re- 
turns, turns to the mE^et with a force equal 
<9r.) litis difference in the efitets to that with which it had before Hed 
which the two sides of the plane of the from it ; and passing again over its pole, 
ring in this instrument have on the same finally rests in its position of equilibrium, 
pole of a magnet, presents a very strik- encircling the middle, or what may be 
ing phenomenon, and exhibits a strong termed Ihe equator of the magnet. In 
analogy with the magnet itself. We the former position it was equally. at- 
may in fact consider it as a Bat magnet, tracted by the two poles of the magnet ; 
having its two poTes in Ihe centre of it, in the lalter it is equally repelled : and 



two surfaces, the one on one side, and accordingly tlie first was an unstable, 
the other on the other: so that if, on and the last a stable equilibrium. The 
looking at one of these surfaces, the ring is represented in this last situati^in 



current b moving in Ihe same direction in^g. 65, surrounding Ihe middle of the 

as Ihe hands of a watch move when we magnet, S, N. 

face the dial, then the side on which we Fig. 6S. 

are looking may be regarded as having 

Ihe properties of the touth pole; and 

Ihe other side that of Ihe aorlh pole. 

The former atlracls and is altractea by 

Ihe north pole of a magnet j the latter 

attracts and is atlracted by the soulh 

pole, and vice vend. 

(98.) A very curious phenomenon is 
seen when a magnet is presented hori- 
zontally to the vertical elentro-magnelic 
ring of M. De la Rive; supposing Ihe 
magnet to t)e sufficiently slender to pass 
easily through the ring. If Ihe pole be 
presented to it on the side where attrac- 
tion takes place, the ring will move 
towards it, till it arrives at Ihe pole, and 
Ihen proceeds onwards in the same 
course, the magnet being held in Ihe 
axis of Ihe ring, iil> it reaches the middle 
of the magnet ; but there il seems in- 
clined to stop ; and then, after a. fCw (99 ) M. De la Rive's apparatus may 
oscillations, il settles, as in a position of be eonslructed so as not to require the 
equilibrium: for it purposely di^Iaced liquid in which it floats to consist of the 
by bringing it forwards towards the acid; for if Ihe ooppei plates be double, 
other pole, it returns with a force which and pass round the zinc plate, so as It) 
shows that it is repelled from that other form a cell capable of holding the acid 
pole. Let us now withdraw tlie magnet, and the zinc plate, Ihe whole combina 
and turning it half round, so that its tion maybe enclosed in a glass cylinder, 
poles are in directions the reverse rf which will enable It to float in water, 
what they were at first, and holding the Both Ihe surfaces of Ihe zinc are thus 
ring in one hand, let us again inlroduce opposed to a surface of cupper, as in the 
Ihe magnet into it with the other hand, construction proposed by Dr. Wollaston. 
until it is half-way through. Under (See Galvanism, $ 19.) This addition 
these circumstances it is just possible was first 5uga:ested by Mr. Marsh, and 
Ihat we may have brought it into such is represented in the preceding figure 
a Mlualion as Ihat Ihe ring may again (65). The lube for this purpose may 
be in equilibrium, undetermined m what be made out of Ihe neck of a Florence 
direction to move; but the slightest flask 

change in this position causes it to move (100.) The magnetic properties of 
with an accelerated velocity towards circular conductors may be exhibited in 
that pole which is neirest to il ; and a striking manner by bending the wire 
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ma^etic influence exerled by esch tura 
p, ea we have seen, to ut^ the north 




into the form of a spiral, see ftg. 66. 
rhe upper end of (he wire should be 
bent downward^ and terminate in a 
point, tor the purpose of l>eing inserfed 
in a cup co>.t&ining mercury, which 
communicates by a wire with one of the 
poles of the Voltaic battery. The colts 
of the wire may be either secured from 
contact by being wrapped ronnd with 
silk thread, or may be attached to one 
surface of a card, while the wire which 
proceeds from the centre of the coil 
passes through the card, and descends 
in a straight line on the opposite 
side, BO as to rest by its pointed extre^ 
mity on the inside of anottier cup, also 
containing mercuiy, in order to form 
a communication with the other pole 
of the battery. A coil of this descrip- 
tion, all the successiTe coiU of which 
conspire together in produdng the op- 
posite pohrities on its two sides, imitates 
still more decidedly the effects of a 
magnet, whose poles might be supposed 
to be situated in the centre of each disc. 
(101.) A still closer imitation of a 
maenet is obtained by making the turns 
of the wire not in the same plane, as in 

screw; a figure which mathematicians 
have termed a helix: an arrangement 
which possesses many remarkable pro- 
perties, both as regards its interior and 
its exterior action. 

In fig. 67, the several turns of the 
helix are represented as separated lo a 
distance from each other, in order that 
the direction of the turns, and the po- 
sition of a magnet placed in the axis 
may be distinctly seen. The electro- 



pole of a magnet placed in its axis, to 
move in one direction along thiit axis, 
and the south pole in the contrary di- 
rection. The force thus exerled is, of 
course, multiplied in degree and in- 
creased in extent, by each repetition of 
the turns of the wire ; and a mugnevic 
needle in every part of the interior of the 
helix will have a powerful (endency (o 
place itself in the axis, and to turn its 
poles in a manner conformable to the 
nature of the force thai is in operation. 
(102,) Now this force depends on two 
circumstances; first, the direction oftlie 
current wilh reference to the axis of tlic- 
helix ; and, secondly, the direction of 
the circumvolutions which compose it. 
It is well hnown that screws are of two 
kinds, distinguisfied as right-handed 
or left-handed screws. In the former, 
as shown in Jig. 68, the turns proceed 
Fig. 6S. 1%, 69, 



downvKuds, (if the screw be placed with 
its axis vertical) fi-om right to left, on 
that side which is next lo the spectator. 
In the left-handed screw (see^. 69), 
the turns proceed in the contrary direc- 
tion. Now the magnetic polarity of the 
electric helix, which is exerted in the 
space it encircles, depends on the direc- 
tion in which the eunsnt is moving wilh 
reference to a plane at right angles to 
the axis; for if the current be descend- 
ing on the side next to the spectator, 
(m the horiiontal helix, Jtg- 67,} Ibe 
north pole of a magnet in the axis will 
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be determined to the right, and the secondly, because they act with less ob- 

south pole to the left ; and this tendency liquity : they will therefore impel the 

will be given in the right-handed helix whole magnet towards the middle of the 

if the current be transmitted through it axis. 

from left to right ; but in the left-handed (104.) So powerful is the action of a 
helix from right to left. It reauires but helix of this description, that if a small 
a slight effort of attention to these par- magnetized needle, or bar, be placed 
ticulars to perceive the influence they within it, so as to rest upon the lower 
have on the. phenomena ; yet unless this portions of the wire, the moment the 
efiPort be made mistakes may easily be connexion is made with the Voltaic 
committed. battery, so that the electric current 
(103.) When the needle lies exactly circulates through the wires, the needle 
in the middle of the axis of the helix, is seen to start up, and place itself in 
the opposite forces which impel the two the axis, remaining suspended in the 
poles in contrary directions, derived air in opposition to the force of gravity, 
from each coil of the wire, exactly This will even take place in a vertical 
balance one another, and the needle re- position of the helix, presenting the 
mains in equilibrium. When disturbed singular spectacle of a heavy body raised 
from this position, by being pushed by an invisible power, and maintained, 
nearer to one end, the forces derived like the fabled statue of Theamides, in 
from the turns of the wire collectively a situation totally free from any ma- 
act with more power upon that pole terial connexion and support, 
which is nearest to the middle point of (105.) The magnetic actions of a 
the axis, both because they are nearer, helix at its two extremities, and at some 
and because they act less obliquely, distance beyond them, a^ee with those 
These forces will, therefore, prevaiToyer of the sides of a single circle, or spiral 
those that urge the more distant pole in coil already explained ; one end having 
the contrary direction ; and the magnet properties simuar to the north, and the 
will be brought back to its former po- other to the south pole of a magnet, 
sition in the middle of the axis. This But the imitation may be rendered still 
is illustrated inflg. 70, wWch represents more complete if the two portions of the 
a section of the helix ; S N being the wire which has formed the helix, and 

„. ^ are situated at its two extremities, be 

^^' ^^' bent back as shown in Jig. 71, at N, S, 

4; o o o o ?o o o § o o o o o.§ ^? *^ ,\? ""^^^^lii^^u *^"^*?^^ T/'f 

,..'-" along the axis till they amve at the 

Vwiriiiwii'iiMiiiiiiiii -']'["'' middle point, where they are again bent 

y'' " *-«.^;'' """'-.... at right angles, in order to pass out 

o o o o o o'o o b'o o o c o'bo between the coils, rising parallel to one 

position of the magnet, a little to one 
side of the middle point of the axis. It 
will be evident that, in as far as the pole 
S is acted upon by forces derived from 
the turns of the wire situated between 
A a and C c, its tendency to move out- 
wards is exactly balanced by the forces 
arising from the action of the wires be- 
tween B6 and \yd upon the pole N, 
urging it in the contrary direction; 
because these wires have exactly the 
same relative situations to these re- 
spective poles. But the pole N is be- another, and terminating in points for 
sides acted upon by all the wires that the purpose of suspension in cups, as 
are situated between B 6, and the end alreaudy described in the ease of the 
A a, and the pole S by all those situ- spiral wire. Sometimes one of these 
ated between Cc and Drf. These two wires, instead of being bent upwards, is 
actions are in opposite directions; but made to descend vertically, and tei 
the former is more powerful than the minate in a sharp point below, where ii 
latter ; first, because the wires between is inserted into a cup. 
Aa and B* are nearer to N, than those (106.) What constitutes the peculiar 
between C c and D d are to S ; and excellence of this arrangement— which 




^ ELECTRO-MAGNETISM. 

nu been termed by Ampfire an electro- current through (hem, ceasing the in- 

dynamic cylinder, wilh a view to its stant (hat current ia arrested, and 

nisimilKtion with the condition of a capable of beine; suddenly reversed by 

mas"*'''^ cylinder — is this ; tiiat what- changing the direction of that current, 
eveif magnetic action the turns of the (lOH.) In order to faeilitale the com- 

heliftcal part of the wire may have in a parison of the properties of Voltaic 

longitudinal direction, (that is parallel magnets with those of ordinary magnets, 

to the axis,) is counterbalanced by the it will be found convenient to adapt 

Bontrary action of the returning wire, them to the simple floating galvanic 

For tlie direction of each of the heliacal apparatus devised by M. de la lUve. 

portions of the wire, that of W w. for Such is the one represented iny^. 73. 
instance, j^. 72, being necessarily some- 
■ what oblique, and the magnetic force it ^g- 73- 

exerts twing along Mm, at right angles 

fig. 72. 



to thai direction, the whole of the force 
IS not exerted in the direction of the 
axis A X, but only that part of it repre- 
sented by C/, while another part, C e, 

in directed at right angles to the axis. Both the ends of the wires are here 
But that portion of the straight wire made to descend through the cork, the 
which passes along the axis, and cor- one being soldered to the line, and the 
responds in ils length to the interval other to the copper plates; and the 
between the two adjoining spiral turns, whole being enclosed in a glass cylinder 
exerts a force C d. precisely equal, and in adapted for floating it in water, 
an opposite direction to G«. These two (io9.) A very simple apparatus act- 
forces, therefore, exactly destroy one jng on the same pnnclple, is that of 
another; and there remains only the Professor Vanden Boss, represented in 
force C/, in Ihe direction of the axis. fc. 74. it consists of a plale of copper 
(107,) Expenment has fully con- about an inch square, and a similar 
firmed the accuracy of Ihis theuretical plate of zinc, placed parallei to the for- 
deduction: and the heliacal arrange- mer. their contact being prevented by a 
ment just described is found to be a small piece of cork interposed between 
tolerably exact representation of what them. To the upper part of one of 
may be conceived to be a simple or these plates a slender brass wire is at- 
elementary magnetical iilament; for it 

has opposite poles at the two ends, the i^. 74, 

one being north, the other south. It | 

obeys the action of magnets that may I 

be presented to it, being attracted and 
repelled, and assuming ueferminate po- 
sitions with respect to the poles of the 
magnet, just as if it were itself n magnet, 
of which, indeed, it appears to possess 
all the essential properties, and for 
which it may be substituted in almost 
every form of experiment It is hardly 
necessary to observe that the polarity of 
these Viillaic magneli, as we may call 
them, is entirely of a csnd'tional naliire, 
dependant un the passage of Ihe elet-lric 
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taclied, which ascends, and u inserted is encircled by a heliaeil ooil of copper 
into an opening made in the side of a wire, having a. slender bar across its top, 
long ^uill, or a tube formed of portions with a needle point in its centre, turning 
of quills inserted successively info each in a conical hole drilled in the end of thi 
other, and about six or seven inches long, mti^et, with a small plattna cup above 
The wire, passing along the interior of it, in order to hold a elohule of mercury. 
the quills, comes out at the end, and The lower end of each of these coils ter* 
being Ihen wound round the outside of minates in slender, pointed wires, which 
the tube in a helix, along its whole are soldered to 'hem, and which are in- 
length, is made again to enter the quIU tended to dip nto mercvtr^ contained 
at the other end ; and proceeding luck in a wooden cistern below it, Bied by 
along the axis, is brougnt out near the screws to the leg of the magnet. A wire 
middle, and made to descend till it meets also proceeds from the lower part of 
the otiier plate, to which it is soldered, ehch cistern, and, being t)ent upwards. 
The whole apparal us is su<ipended at its terminates in a small cup, also capable 
centre of gravity by a piece of untwisted of holding mercury. A orass standard 
silk-thread. The plates being dipped rises from the basis of the apparatus, 
into dilute acid, white thus supported, having a forked piece attached to its 
the galvanic action excited in them is upper end, with two points descending 
sufficient to render tlie helix magnetieal. info the two platina cups upon the tops 
of the coils ; and there is also another 
Hdiacai Ratationg. cup placed at the (op of the forked piece, 

holding mercury. The voltaic circuit 
(1 1 0.) An ingenious mode of exempli- may thus lie completed in various ways ; 
fying the rotatory action of a magnet on either by placing wires in the mercury 
It conducting wire, when colled into a contained in the small side cups, and 
helix, was contrived by Mr.Watkins, and connected with one pole of the battery, 
described in his Popular Sketch of Elec- vthile other wires, communicating wilt. 
Iro- Magnetism*. The apparatus, re- the other pole, are placed in the cup on 
presented inrtg-. "5, consists of a horae- the top of the apparatus ; or else, direct- 
shoe magnet, &mly secured to a wooden ing one and the same stream of elec- 
sland. Each of ihe poles of the magnet tricity through the whole of the appara- 
jf- -. tus, by Joining one of the aide cups with 

'*■ "■ the positive, and the other with the ne- 

gative side of tile battery. In the former 
case, the currrnt, passing in the same 
direction, whether upwards or down- 
wards, in the two coils, and being acted 
upon by Ihe different poles of the magnet, 
will be urged to revolve in opposite di- 
rections : in the latter case, Ihe contrary 
directions of Ihe currents in both wires, 
ascending in the one, and descending in 
the other, being respectively acted upon 
in opposite mMes by the contrary poles 
of the magnet, the comltination of these 
two contrarieties will produce rotations 
in the same direction in both the wires. 

Chaptbr VIII. 

Galvanometer». 
(111.) The action of a circular or spi- 
ral coil has been appliedto Iheconslruc- 
lion of an instrument for detectiiiK small 
quantities of galvanic electricity, or Qul- 
vaaoscope; and also of a Galvanomeler, 
or instrument for measuring the inten- 
sity of any galvanic current. For this 
purpose, the diameterof the circle must 
exceed the length of the needle which il 

surrounds, in order to allow Ihe latter to 

• P.^g. place itself in the plane of Ibe circb 
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which is to act upon ^t. Thus, if the nee* coming in mutual contact ; for such 

die n 8, fig. 76, be placed in the same contact would allow of the direct pa»* 

plane with the wire W ti>, proceeding from sage of the current from the one to the 

the two cups, P, N, and bent in a circular other. For this purpose the wire must 

either be wrapped round with silk 

Fig, 76. thread, or coated with sealing wax, 

P "N throughout the whole length of the coil. 

W W YL (113.) A galvanometer, constructed 

J L f " ? ' ) OB this principle, was invented by Pro- 

fessor Schweigger, of Halle, very soon 

after the first discovery of Electro- 
Magnetism, and was called by him an 

or oval form, so as to enclose it. the in- i^f:^'^:^^?^ ^Sjl^^W.^^Z 

fliience of mvm nart of the wire when '"""* "*'* °**" P^*" *" *"" instru- 

S" srsu«3 ^ nLite. ^X te to "«"*{ .«f «• »'* IZ^y^^ "! 

turn l)oth its Doles in the same rotatorv sensibility, or to adapt »t to different 

direcUon. untS it takes a position at ■?'»<^«* f application under particular 

if thuffinl" AP^tId1o'L'l,r Tuf S^\f the simplest forms of 
JSc nortte^ouKhat is SiS "»« »«*'•»'»«'* « *at repH«ented in 
with ihe direction which the needle ■/^"•. '» ^>* / «"»?«»" compass- 
naturally assumes by the influence of needle is suspended on a pivot proceeding 

the eartR when left to itself, and undis- fr*«° * '^'^'^ '^*»''' *^ "^"^"^ ^"i * 

turbed by the action of any electric in- p^ •j'j^ 

fluence; and let a feeble current of ms^^^sk 

electricity be now sent through the wires : ^^^^^^ f^^'^x^'^^^^^^^ 

the effect of this current will be to oc- J^ ^^^^pf^™—^— ^^W |. 

casion such a deviation of the needle ^^=---==^;wjgs:^; ; ^, ^^^ ^^^iJmh 

from the plane of the magnetic meridian jr ? -^ ■=r =g==^-^=^ \ 

as will balance the force which the mag- j||p«iiiiifliiwiiiiiiiiittiiiuii^^ 
netism of the earth exerts in bringing it 

towards that plane. In proportion as gi*eat number of turns of wire, bent into 
the needle recedes from the meridian, the shape of a vertical parallelogram, 
the terrestrial force increases in inten- and the two ends of which terminate, 
sity, while, at the same time, the electro- as usual, in small metallic, cups, con- 
magnetic force diminishes ; the number tainin^ mercury, for the purpose of 
of degrees at which it stops, and. which establishing connexions with any gal- 
mark where the equilibrium Detween vanic con3)ination of which we are 
these two forces takes place, will there- desirous to ascertain and measure the 
fore indicate, with tolerable precision, electrical state, A graduated circle, 
the intensity of the galvanic current cir- having a dark line across it, coinciding 
culating through the wires. with the plane of the wires, is to \ye 
(112.) The effect of a single turn, or fixed to the pivot, immediately under the 
coil of the wire may be increased by needle, in order to estimate its deviations 
multiplying the coils ; for in this way in either direction from that plane, 
the same current is made to act repeat- (115.) Greater mobility may be given 
exlty, in its course through the convolu- to the needle by the more delicate mode 
tions of the wire, upon the poles of the of suspension employed in the balance 
same needle. It is true that the electro- of torsion. With this view, it may be 
magnetic force of the current is some- suspended at its centre by a fine thread, 
what weakened by such an extension of or, what is best of all, by a single fila- 
the line of its course ; but its diminu- ment of silk, enclosed in a time, and 
tion from this cause will scarcely be attached to the lower end of a short 
sensible, if the total length of the wire metallic wire, passed through the cover 
be not very considerable in comparison which cioses the top of tl^ tube, and 
with tbe whole circuit of the current capable of being turned in the aperture 
including the voltaic battery. In order with some degree of friotion, so as to 
to prevent the electric current from bring the needle to any required hori- 
taking a shorter course than the one zontal position. The angular turning 
intended, it is necessary to secure the requisite for this purpose is marked by 
adjacent portions of the wires from an index fixed upon the upper end of the 
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and about an inch, or an inch nnd a half 

long. Fix the coil in a proper tale, and 

connect the ends of the wires with two 

small metallic cups, for holding each a 

drop of mercury. Paste a circular slip 

of paper, divided into equal part*, hori- 

. , .. ,, ■ -I ■ .t wratally on the upper half ot Ihe coil, 

encudc the needle, we similar lo those ^^ having a blaSiline drawn through 

of the. former instrument : «cepling j,, centr*,i>d in the same direction wilh 

that the wires m Ihe MMMe of the upper ,he middle of the coil. F« a smaH 

Mrt of the coil must be separated a ^wiet, ^ade of a common sewing- 

iltle. m order to leave an opernw! for n.^i^^ ^^ j,^ ^.f „^i „■ f„ ,g^ 

the free passage of the thread that sun- i^„^ ^^^ ^f ^ ^^^ ,^3, ,jj„^ whilst 

ports (he needle. A graduated circle, j^e upper end is lecurely fixed with 

e<,ua^ in diameter to the length of Ihe sealing-wax in Ihe centre of a mov.ahle 

needle^ is plated as in the former case, ^^^ ^^ ;„ ,1,^ common torsion balance. 

immediately below the needle. The The glass thread should be inclosed in a 

compass, wire, and card, are enclosed in ,„i,e of gJa.ss. which fits into a disc of 

a box, in order to secure them from the ,yck pUte glass, covering the upper 

agitations of he air ; and the coyer, g^g ^f the wooden box. containing Ihe 

from the mitldle of which the upright ^oU and magnetic needle. 

tube nse^ should be of glaas, m oi^er 017.) TIfis instrument enables us (o 

to riow of our seeing the position of the estimate the comparative intensities of 

needle. ,,„._,.,, ^ , , currents of electncity circulating along 

<I16.) Mr. Rifchie has lat^.y proposed ,1^ „;„, ^f ,he coil. For Ibis purpose, 

a torsiun ealvanometer, in which he em- ,he needle is to be placed directly above 

ploys a thread of glass as the material u,^ meridian line drawn on the paper 

for suspending the needle'. Ftg. 79 w girde. and consequently directly above, 

a vertical section of his insfrumenl, of ^„d in the direction of the wires form- 

wliich he gives the following descnp- ;„ ,|,e upper side of the coil. As soon 

tion:— Take a fine copper wire, and as a current of electricity is made to cir- 

cover il «i h a thiii coaling of sealing- g„[g,g ^i^n^ ,he „ires, tlie needle will o( 

vrax. Roll It about a heated cylinder, course be defiected. The glass thread 

an inch or two in diameter, ten, twenty, ^lust then be twisted, by turning Ihe 

or any number of times, according to ^^^ ^^^■,^ ^^^^ ^g^^le Is brouRhl lo its 

the delicacy of the mslrument required. f„„„ position; and the number of 

Press logeiher Ihe opposile sides of he j „ ^, ,o„iQ„ ^^^^^ ^^^ n^i^d^ j^ 

wc ular coil, till they become parallel, ^^jj^ experiment may next be made 

• rhiioKpli>n>tl TtiDiiiriiani fur t33u, p. !18. With another current, the thread having 
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prerioiMly been untwwted, so that the meMured, is pkced orer the wire on f ht 

needle ia SKain re»tored to it* former upper surface of the frame of the in 

position. The quantities of eleotriraly strument, having mi aperture in iti ceo. 

circalating round the wires will be di- tre for the free passage of the ne«dle 

rwtly proportional to the number of and straw. The whole of this arrange- 

degrees through which the thread has ment may be understood by a reference 

been twisted. toy^. 80, which represents a section of 

(lie.) In the coinroon galvanometers, the apparatus: in isthelower needle 



_n which the force of the current is esti- 
mated by the degrees of the deviation 
of the needle, this deflecting fbrce acta 
with mechanical disadvantage as the 
needle deviates from the coil. When it 
has been deflected nearly ninety degrees 
from its original position, an addition to 
tiie power will produce scarcely any 
addition lo the effect ; and consequently 
Ihe ingtrument ceases to give indication 
of a more energetic current. Hence 
Mr. Ritchie's instruraent is better enti- 
tled to the appellation of a gtJvanomeUr, 
or meaaurer of galvanic eleetricity, than 
the former, which are mere gaivano- 
teopes, or indicators of Ihe presence of 
a galvanic current. It has, however, 
the disadvantage of not being so sensi- 
ble to the influence of feeble voltaic 
electricity ; since the needle, being on 
the outside of the coil, is acted upon 
only by the difference of the two con- 
trary electro- magnetic forces, arising 
from Ihe opposite currents in the upper 
and lower parts of the coil. In the 
former arrangement, the needle, being 
between these two parts of the coil, is 
deflected by the sum of these forces. 
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surrounded by the coil of wire, and con- 
nected with the upper needle N S, by 
the intermediate straw shaR which i~ 



Hiled by 

(U90 Th. t.n,ibilil, of Ih, g^„. «„,„p„,,h„„ghlh.»ppB-horiVoB: 

noioope my be very much lomued by ,,, ^j J, ,t, ^ „j '^ll^ ,,, ^ 

neuil. jn.ing from lh« myetic inJu- jj,„, ,|^,, J; „„ ,f^i^ ,j, g„<i„„j 

enM ot he earth Profinor Cum- „,„,,',, j„,„. i„ Nobilf. in.tramenl. 

mmg employeii forlhjt pnipoie , mjg. ^^ j„, „, iweMy-l«o line, long, 

nelijed needle ptaed immedialely be- ,,,,„ ^j ,„j ,i,'|,n The we 

netlh Ihe moTOble needle". Nobih „„ „, „,„^ Jm ,|n „„,. 

,mpro,«i ..pen Ihu idea be .llaeh.ng j^ ,, ^'^^ ,„ diun.ler. and from 

the neulralimg needle lo the pnnc.pal |„,„,,.nin. m thirty feet in length , 

one, plaemg them one above tSe other „jj„' M«nty-t»o molutions rSund 

and parallel to each other, but mlh ,^ ^„e. q,,;, „,^„ „,„ ,„„^. 

thor pole, m opposite diectioji They ,„„ ,!„, , ,i„ „„„ ,|j , ' 

are fixed by being passed through a ,g^ ^ ^ jj^g ,1,;^,^ ^^ ,^ „^ J^BCtd 

straw, suspoidd Irom a thread, as in ,„ n, ^, ,„ ,j,„ ;, ^£^t, 

the apparatus formerly descnbed. The Qther. 

distance between the needles is such as (i20.) Theadjustmentof the opposing 

to allow of the upper coil of the wires poiaHties of the two needles shSild he 

to pass between them, an opening Ijeing gp^h. thatthe directiTe power of the com- 

pnrposely left, by the seiMrahon of the bjnatton resuhing fr«m Ihe magnetism 

wires at the middle of that cod, for pf ,|^ ^^rth is veir nearly balanced; 

jBowinglhe middle of the straw to pas, n, compound needle being allowrt li 

freely ihiwughit, A graduated circle, ^^„ ppjy g^ffieient power to bring 

onwhujh the deviation of the needle is ^ ^^ ^ constant position when unin: 

. Tn.uri»,n of 11,. CwSriSe. Phii««i*i»ii Hueuced by any eleclncal current. But 

Swinr. rvi. i. p. S70. the peculiar excellence of the contrivance . 
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is, that both needles are acted upon in 
the same manner, as far as the rotatory 
tendency is concerned, by the adjoining 
wires. The lower needle, being in the 
situation similar to that in the simple 
apparatus already descrrbed, $ 91, is 
acted upon by the sum of the forces of 
the currents in every part of the coil. 
The upper needle, placed, with regard to 
the wires, in the same situation as in 
Mr. Ritchie*s galvanometer, is acted 
upon by the excess of force in the upper 
current which is nearest to it. This 
force acts upon it in a direction the 
reverse of that in which it acts upon 
the lower needle, because*it is situated 
on the opposite side ; but since the poles 
are also in a reversed position, the rota- 
tory action becomes the same in its 
direction on both needles. Hence, be- 
sides the increase of sensibility in con- 
sequence of the removal of the greater 
part of the opposing force derived from 
the magnetic influence of the earth, we 
have also an increase of power from the 
addition of the upper needle. There is 
also a convenience in employing the 
upper neeche as an index ; ror by allow- 
ing of the graduated circle being placed 
alx)ve, instead of within the frune, the 
folds of the wire may be brought much 
nearer to each other than in the com- 
mon instrument : this renders it more 
compact, and, from the greater approxi- 
mation of the lower needles to the wires, 
also more powerful. The estimation of 
the deflection of the needle by reference 
to the graduated circle, can also be more 
conveniently made, from the view not 
being obstructed by the presence of the 
wirt;^ above the needie, as in the ordi- 
nary construction. It is hardly neces- 
sary to observe, that when fixing the 
graduation, the zero point should be 
placed so as to accord with the position 
of the upper needle, when left to the 
undisturbed action of the magnetism of 
the earth. 

(12 1 J It is evident that if the mag- 
netic powers of the two needles employed 
in Nobiii's galvanometer were perfectly 
equal, they would exactly neutralize each 
otner, as far as regards the directive 
influence of the earUi ; and the system 
of needles would be indifferent to any 
position. This would, however, defeat 
the purpose of the instrument, the object 
of which is to measure a feeble electro- 
magnetic force, hy putting it in equili- 
brium Vvith another force, likewise feeble, 
but still actinu:, and susecptitblc of mea- 



surement. -If, therefore, a perfectly as- 
tatic needle, that b, one which retains 
no directive power whatever, be em- 
ployed, it will be necessary to find some 
othet weak, but variable and easily-mea- 
surable force to obtain this equilibrium. 
Such a force is that of torsion; and 
accordingly the greatest degree of per- 
fection attainable in the measurement 
of minute electro-magnetic forces, would 
appear to be obtained by applying to the 
apparatus of Nobili, the needles being 
previouslj^ rendered perfectly astatic, 
the principle of the torsion suspension 
adopted by Mr. Ritchie. 

(122.) An extension of the principle 
of Nobili*s galvanometer has b^en pro- 
posed by M. LebaiUif ; who employs a 
combination of four needles instead of 
two ; one pair being appUed to the upper 
part of the coil, and one pair to the lower, 
m the manner exhibited in the section,/^. 
81, where N S, SN, represent the up^jer 

Fig, 81. 




pair of the magnets, having their poles 
m opposite directions ; and S N, N S, 
the lower pair, lilcewise reversed in their 
polarities ; the two intermediate mag- 
nets, which are within the coils of the 
wire, having their poles similarly situ- 
ated, as is likewise the case with the 
uppermost, and lowermost magnets; 
and the whole being affixed to the same 
vertical axis, which is a piece of straw, 
passing freely through tne wires, and 
through the graduated circle, which 
forms the top of the frame enclosing 
both wires and needles. An index is 
fixed in the upper end of the axis to 
point out the positions of the needles. 
The axis itself is suspended from the 
end of 8 horizontal arm, proceeding from 
an upright pillar at the side of tne ap- 
paratus. In order to form the coil, M. 
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I^b&ilKf employs, instead or a single hu beeatermed Ok Differential Oalva- 
wire, having, for instance, a )«ngth of nomeler. Tno vrires of equal size ur^ 
300 feet, five paralld wires, eacti sixty twiBted together, so as to form a com- 
feet long, tlie ends of which are stripped pound nire, which is coiled round tiie 
of Iheir silk coverings and united in a compass needle, as in the inslruroenti 
bundle by being pressed together wiih already described ; and the four exlre- 
considerablc force. In this nay the mitiM of the wires are immersed in four 
eleo'ric current which enters at one ex- cupa filled with mercury. By this means 
tremily is divided into fire parts, and the two currents which ate to be corn- 
made to flow, as it were, through five pared with one another, may be trans- 
teparftte channels. It is alle^d, in mitted in opposite directions through- 
ftvour of this arrangement, that by thus out the whole extent of the coil. These 
multiidying the channels of Iransmis- opposite currents, acting upon the needle 
■ion, a proporlionallylarger quantity of under precisely similar curciim stances, 
eleclrieily is conveyed ; white the dimi- will, if Iheybe equal, exactly counteract 
nution of intensity arising from the each other, and the needle will remain 
transmission of the same fractional part in equilibno between the equal and con- 
of that cumnt which passes through Irary forces ; but if the currents l>e un- 
one of the wires, along a great length of equal in intensity, the needle will be 
wire, is avoided*. But experiments of affected only by tteir difference, which 
sufficient extent, and conducted with it will therefore indicate by its move- 
sufficient care, appear to be wanting to ments. 

enable us to deduce any certain conclu- (126.) When, on the contrary, we 
sions with regard to this subject. The wish merely to ascertain the existence 
only researches on Ibis point, of which and direction of an electric current, it 
we have been able to find an account, becomes an object to bring the current 
are those of Dr. Kaemti, who came to as near as possible to theneedle, so that 
the conclusion that the power of the its action on the poles may be extremely 
■ instrument to deflect the needle is powerful The following form has, with 
exactlv in proportion to the number of this view, been given to tiie Galvano- 
convolutions of the wire: six convolu- scope. The needle is suspended from 
tions giving six times the power of one its centre by a fine thread, between four 
convolution -t. But it would require a vertical spiral coils, the centres of whith 
much more extended investigation to arebrought very near to the poles of the 
establish such a principle, and to fix the „. „„ 

limits of its operation. F*g.82. 

(123.) The advantage arising from 
the employment of four needles mstead 
of two, in Mr. Lebaillifs instrument, 
appears extremely dubious ; for it 
should be recollected that if, on the one 
hand, greater power is gained by the 
action of the wire on the additional 
needle, an equal addition is, on the 
otberhand.madeto the weight that is to 
be moved ; so that probably nothing is 
lliereby gained as to the motion indi- 
caling that power. 

(124,) On account of the superior 
conducting power of silver, wires of that 
metal should l>e employed in preference 
to those of copper; and they may then 
be even as slender as the sixtieth of an 
inch in diameter, which will allow of a 
greater number of turns being included 
in the same space. 

(125.) For the purpose of comparing 
the intensities of two electrical currents, 
an instrument has been oonlrived, which needle. The same current is made to 

-— — „-. ■ , ■ ,. — r— : — — ■ circulate throueh all the four spirals, 

«.ule.,™° I. (.'bm *'"'"' "^ f'e tufns of which Bre directed so as to 

- Pi.ioniphic.liMag^iiini'.vul. Itii,, p. »il. produce repolsion of Ihecorliguous pole 
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nntheoneiide.andaftractionnrthesame while the lower end i« laid hold of by 
pole on the other side. This arranfte- another forceps A"; each forceps ternli- 
ment is shewn in^. S2, where M i» the nating in a cup, the one. P, being above, 
magnet suspended by the thread T, be- and the other, N, below, ftir estiiblish- 
tween Ihe four spiral discs, composed of in^ the cnmraunications by which the 
the convolutions of the wire ivoceedini; current is transmitted throush Ihe gold- 
friim the cup P, and terminntlne in Ihe leaf. The whole is enclosed in a uylin- 
cup N. In each diic, the force acting drical elass case, the middle of which is 
. perpendicularlyto the pUneof thediscs, placed between the poles # a sironi; 
IS multiplied i<i proportion to the num- norie-shoe magnet Mm. so that the g;o1d- 
ber ofthe clrcutnTolulions of Ihe wire; leaf may he ni'arlyfquidistant from them, 
and the spiral turns bein^ made in the When the circuit is completed through 
snme directions in-all the discs, their the Kold-leaT, the latter will be attracted 
actions will concur in producing in the or repelled laterally by Ihe poles of 
needle a deviation in the same direction ; the magnet, according as the current 
and the total force will be four times is ascending or deacanding; the broad 
that of a single disc. This arrangement surface of the leaf becoming convex 
allows also of a v^y close approxima- towards the magnet in Ihe one case, 
tion of the needle to the discs. and concave in th« other. The curva- 

(127.) The lightness and extreme ture of the gold-leaf may be viewed 
flexibility of gold leaf have enabled through a lens in a direclion at right 
electricians to employ this material for angles to the line of its motion, and may 
the construction of a very sensible elec- he referred to a fine line drawn upon the 
trometer. (See EUclridty. j 73.) The tube in the direction of its axis. This 
same properties may \>e applied with inslrumeni is, perhaps, the most delicate 
great advantage to the purposes of a test possible of Ihe existence and direc- 
Galvanoscope, the electro-magnetic force tjon of a weak galvanic current *. 
of the current t>eing estimated, not by 

Ihe movements of a magnet on which it Chaptbr IX. 

is made to act, but by those of a move- 
able conductor through which it Is trans- Elactro-magnetie E^» of Terreslrial 
mitted, wnder Ihe influence of a power- Magnalism. 

ful magnet. The copstruciion of Ihe ^\29,) Since Ihe earth etsts as if it 
(?o;rf-I«i/GWoano»cop9is«iroil8rtothBt were endowed with a magnetic power, 
of Bennefs electrometer, excepting that or rather as if it contained a powerful 
the leaf is single, and there is added a magnet in its centre, it naturally oo- 
forceps to retain the lower end of the curred to those who explored Ihe new 
gold- leaf, and complete the galvanic realms of sdence which the discovery 
circuit. The slip of gold-leaf ^, J^g-. 83, of Oersted had laid open, that a cur- 
b suspended loosely from the forceps/, rent of voltaic electricity would itself ba 
influenced by the magnetism of the 
"g- 83- earth. It was al first found exfa^mely 

. difficult, however, to devise means of 
rendering this action visible, in con- 
sequence of the great feebleness of the 
earth's action, compared with that of 
such artificial magnets as we are in the 
habit of employing. Ampdre at length 
succeeded in oblainingdecisive evidence 
that the conducting wire possessed a 
directive power by Ihe foUowing con- 
trivance. Two wires A and B,.^. 84, 
bent at right-angles, are made to pas* 
through a cylindrical piece of wood C, 
fixed at the end of an arm proceeding 
from the basis of the apparatus. They 
are made to terminate at both their 
exiremities in small copa, desig^ied to 
hold mercury, the cupa P and N beinf; 
intended to receive the wires communi- 
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eating with the poles of the voltaic bat- 
tery ; and the others, n and p» which are 
placed the one immediately above the 




other, receiving the two ends of the wire 
WW U7, which passes through a small 
piece of wood at S and is Dent below 
into a square or rectangle R R. The 
upper point of the wire rests on the 
bottom of the cupn; the lower point 
being merely made to dip into the mer- 
cury in the cup p, without touching it, 
so that the whole of the wire, with its 
connecting piece S, ha^ perfect freedom 
of motion round a vertical axis passing 
through the point of support in the up- 
permost of the two cups, «. When a 
connexion is made with the battery by 
means of the cups P and N, so as to 
direct an electric current through the 
wire W W u', it will, from the extreme 
delicacy of its mode of suspension, obey 
the magnetic influence of tne earth, and 
arrange itself so that the plane of the 
rectangle R R shall be perpendicular to 
the plane of the magnetic meridian; 
and it will always return to this position 
when turned aside from it by the hand, 
or any other cause. 

(129.) Another arrangement which 
exhibits the same effect is the one 
already described, § 1 00, and represented 
in Jig. 66 ; where the electro- magnetic 
force is increased by the number of coils 
composing the spiral wire. This.spiral, 
as in the last case, immediately assumes 
a position in a plane perpendicular to 
the magnetic meridian, as soon as it is 
made the channel for the transmission 
of a current of voltaic electricity. The 
mode of suspension here described is 
that of Professor Van den Boss*. 

(130.) The apparatus invented by M. 
De la Rive, and described § 96, with the 

* EdlnbmiBli Journal ofScience, No. XII. 



improvement described in § 99, is also ex- 
ceedingly well* adapted for the exhibition 
of the dtirective power of the galvanic 
current ; for in consequence of the per- 
fect freedom of motion allowed it, while 
floating in a fluid, it very readily as- 
sumes the position due to the magnetic 
influence of the earth. When the plates 
are immersed in acidulated water, as in 
M. De la Rive's original experiment, the 
gas liberated by the action of the acid 
on the plates, prevents them from tak- 
ing a steady position; but when put 
into a little floating cell, the whole rea- 
dily takes the position above mentioned, 
and even slowly vibrates about it. The 
same phenomenon is also obtained by the 
arrangements described in $ 108 and 
( 109, which have also the advantage 
of exhibiting the strong resemblance 
which these instruments, actuated solely 
by electrical currents resulting from gal- 
vanic action, have to artificial mafi;nets. 
For in consequence of their lengthened 
cylindrical form, the magnetic forces are 
directed along the axes, and the heliacal 
cylinder places itself, like a magnet, with 
its axis in the magnetic meridian ; 
whereas, when a single circle, or com- 
bination of circles in a single plane is 
taken, that plane will arrange itself so 
as to be at right angles to the plane of 
the meridian, thaLis, will be hi a plane 
passing east and<^est; the face of the 
plane only looking to the north and 
south. 

(131.) In all the cases above de- 
scribed, the multiplication of the spiral 
or circular turns of wire is not pro- 
ductive of the advantage that might be 
expected, because, as already remarked 
with regard to the galvanometer of Le- 
baillif, } 123, although the power is in- 
creased, yet the weight to be moved by 
that power is increased nearly in the 
same proportion; and the resulting 
motion is tnerefore nearly the same. 

(132.) The next point of comparison 
between the action of the earth on the 
conducting wire, and on the magnetized 
needle, relates to the dip. Since the 
direction of the force of terrestrial 
magnetism Is in a' line situated in the 
magnetic meridian, and inclined about 
seventy degrees to the horizon, the ope- 
ration of this force on a Voltaic wire, 
bent in a plane so as to describe a 
circle, square, parallelogram, or any 
other figure which terminates where it 
commenced, forming what has been 
termed a closed circuit, is to bring it 
into a position where it is perpendicular 
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to this direction ; that is, perpendicular 
to the position of the dipping; needle. 
(133.) The following was the appa- 
ratus, by which Ampere succeeded in 
exhibiting the effect now described. A 

Fig.S5. 




wire bent in the shape of a rectangle 
R R, Jig. 85, is supported by a tube of 
wood, T T, passing directly across the 
middle of its longest sides, and serving 
as an axis. The two shorter sides or 
ends of the rectangle are supported by a 
light wooden beam, B, in the- form of a 
lozenge, the middle of which is perfo- 
rated >by the tube just mentioned. One 
end of the wire, W, which forms the 
rectangle^ is fixed to a steel pivot, which 
turns harizontally on a small metallic 
plate fixed upon the top of an upright 
metallic pillar, rising from the side of 
the basis of the apparatus. A little 
mercury is laid upon the plate in order 
to render the contact more perfect. The 
wire, after it has completed a circuit of 
the rectangle, and returned to the same 

Coint W, where it had commenced it, is . 
ent so as to pass through the tube, and 
JO come out at the other end, tr, where 
it terminates in another steel point, 
turning in a like manner upon a me- 
tallic plate, fixed on the top of a pillar 
on the other side of the apparatus. "Die 
lower ends of both pillars, where they 
are fixed to the stand, are continuous 
with wires supporting cups with mercury, 
] and N, in the ususS manner. On esta- 
Ijishing a communication between the 
Voltaic battery and the cups, the electric 
current will ascend in the pillar which 
IS next to the positive pole of the bat- 
tery, and circulating along the rec- 
tangular wire, will pass out by its other 
extremity, descend by the other pillar, 



and make its exit through the cup on 
that side. As the rectan^e is at perfect 
liberty to move around the axis formed 
by the two points by which it rests on 
the plates, and this axis being hori- 
zontal, it will be limited to a vertical 
motion. If the^axis of motion be placed 
so as to be at right angles to the mag- 
netic meridian, and the moveable part 
of the apparatus be exactly balanced, 
so as to retain any position in which it 
may be placed, then on directing fhe 
electric current through the wires, (he 
rectangle will, after a few oscillations, 
place itself steadily in the plane of the 
magnetic equator ; that is, in a plane 
perpendicular to the line of the dip; 
being the exact position which the 
theory would assign to it. On reversing 
the direction of the current, the mag- 
netic polarity of the wire becomes im 
mediately reversed, and turns completely 
round, so as still to place itself m the 
same plane as before, but with its faces 
turned in opposite directions to those 
they before assumed. 

(134.) It is evident that, by adopting 
a similar mode of suspension, a voltaic 
magnet, formed by a heliacal coil of wire, 
as described in } 105, would exhibit the 
phencmena of the dipping needle, as 
completely as a magnetized needle. 

(135.) Thus has the analogy between 
the action of terrestrial magnetism on 
wires conducting an electric cmrent, and 
magnetized needles, been completely 
established. We have next to inquire 
whether a straight wire is affected by 
the earth in the same manner as it 
would be by the corresponding pole of 
a magnet placed near it. In order to 
make this comparison, we must first 
clearly deduce from the theory formerly 
laid down, what effects are to be ex- 
pected on a straight conducting wire 
from the magnetism of the earth, or 
what is equivalent to it, from a south 
magnetic pole, acting^ at an indefinite 
distance, in the direction of the line of 
the dip. The electro-magnetic force 
being tangential, is exerted at right 
angles to this direction, which is that of 
the line connecting the wire with the 
magnetic pole, or origin of the force. 
Its action upon a current, whether as* 
cending or descending, which moves in 
this exact line, or the line of the dip, is 
reduced to nothing: and it must act 
with greatest intensity upon a current 
which moves in a direction perpen- 
dicular to the line of the dip. Now, 
in order that a straight wire may be 
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perpendicular to Ihis line, it miisl be occupy theposilion markedbylhedoHed 

■itiMted in Ihe plane of the ma^etic line we. If the electric cunent had 

equator. Such, then, is the direction been made to pass from E lo W, the 

in whioh it receiTEs the full influence of direction of the motion would have 

thfe earth's magnetism; and this influ- been altered, and the wire would have 

ence is exerted in nrjjin? it to move in moved downwards in Ihe same plane, 

a direction parallel to itself, and at the still, however, preserving its para,l- 

same time perpendicular to the line of lelism. 

the dip; that is. it tends lo continue in (136.) If the wire extend in Ihe mus- 

thc plane of the macnelic equator. The nelie plane from north to south, as, 

direction of its motion lo the one side far instance, alontr the line M .^ in 

or Ihe other mu*t depend altogether J!g- 87, N S, as before, being Ihe hori- 

upon the course ot the electric current lonlal plane ; and if the electric cur- 

which i« passing through it. If Ihe rent move jn the direction M-E.thal is, 
wire, for example, be placed horizontally, 

and have the direction of the magnetic *W* 87. 
east and west, and the current of posi- 
tive electricity be flowing through it 
firom west to east, the tenancy lo mo- 
tion in the wire, in consequence of the 
influence of Ihe earth, which acis like a 
south pole, is tonardii the north, that 
is ascending in the plane of the mag- 
ne'ic equator, which plane, it may he 

recollected, dips downwards towards the from north to soulb, the wire will tend 

(ouih, with an inclination to the horizon to move towards the east, ai shewn by 

of about twenty de^ees, equal to the the arrow, still keeping in the same 

complement of the dip. plane, and remaining parallel to itself. 

This will be more clearly under- If, on Ihe conlrary, the current move 

stood by reference to fig. S6, in which from south to north, lite wire will be 

N, E, S, W reprasenta a horizontal impelled io move from east to west. 



plane. D d, which has an inclination 
to this plane of 70°, is the line of dip, 
to which the plane M JE, representing 
the plane of the magnetic equator, is 
per[wndicular. W E is a straight por- 
tion of conducting wire, along which an 
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electric current is flowing in Ihe direc- 
tion from W to E. Under these cir 
cumstances, ' the effect of the electro- 
magnetic force exerted by the earth is 
to give the wire a tendency to move 
parallel to itself, in the plane M ^.and 
towards M, as denoted by the " ~" 



It need hardly he observed thst all 
ine^>e ttatements relate to what happens 
in the northern magnetio hemisphere of 
the earth, anil when the dip is about 70 
deipee^. as is Ihe case in England In 
the son I hem hemisphere, where the 
northern polarity of the earth h in ac- 
tivity, the effects are of course reversed. 
At the magnetic equator, where the dip 
is nothing, Ihe plane M J£ is perpendi- 
cular lo the honion, and the tendency 
to motion of a horizontal wire must be 
directly upwards, or dire<;tly downwards ; 
and the efibct of the terrestrial mag- 
neliam mu.stbemerelylhat of opposing 
or conspring with gravitation, that Is of 
producing either an increase or a diminu- 
tion in Ihe apparent weight of the wire. 
In these high latitudes the inclinntion of 
the magnetic equator to the horizon is 
too smul to produce aijy very sensible 
tffect of this hind. It has, however, 
been rendered perceptible in very nice 
experiments 

(137.) In consequence of the plane of 
the mamietic equator being not very far 
removed from a horizontal plane, wires 
placed horizontally, and being free lo 
'" a. horizontal plane, may be 
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Faraday succeeded in obtaining^ this 
effect in the following manner*. A 
piece of copper wire, about . 045 of an 
snch thick, and fourteen inches long, has 
an inch at each extremity bent at right 
angles in the same direction, as shown 
at W w, in Jig, 88, and the ends amal- 
gamated; the wire is then to be sus- 

Fig. 88. 
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pended horizontaUy, by a long silk 
thread *, from the ceiling. Two grooves 
6 ^ are cut in the sides of a rectangular 
piece of hard wood, parallel to the sides, 
and about half an inch in depth, and 
filled with mercury. P and N are wires 
fixed in the board, passing each into its 
respective groove, so as to come in con- 
tact with the mercury, and terminating 
at their other ends in cups for making 
the connexions with the voltaic battery. 
The points of the wires are now to oe 
slightly immersed in the mercury con- 
tained in the respective grooves ; and in 
order to obviate the inconvenience aris- 



ing from the film of oxide which is apt 
to form upon the surface of the mercury, 
and impede the motion of the wires, it is 
advisable to cover the surface with a 
stratum of diluted nitric acid, which, by 
dissolving the oxide, removes this ob« 
stacle to free motion. As soon as the 
connexions are made with the battery, 
and the electric current passes along the 
wire, it will be seen to move laterally, 
being carried across the field until the 
points strike against the ends of the 
grooves. On breaking the connexion, 
ttie wire resumes its first position ; on 
restoring it, motion is agam produced. 
On changing the position of the appa- 
ratus with respect to the points of the 
compass, th** same effect still takes 
place ; and the direction of the motion 
IS always the same relatively to the wire, 
or rather to the current passing through 
it, being at right angles to it. Thus, 
when the wire is east and west, and the 
electric current flowing from west to 
east, the motion is towards the north ; 
when the current passes from east to 
west, the motion is towards the south. 
When the wire hangs north and south, 
and the current moves from north to 
south, the wire is directed towards the 
east, and when the current is reversed, 
towards the west. In intermediate posi- 
tions the motions of the wire are in in- 
termediate directions. 

(138.) These different motions cor- 
responding to the different positions of 
the wire, and directions of the current, 
are exhibited by the lines in Jigs. 89, in 
which N and S express the north and 
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,„ ...^ .-..^, Bnd the short arrows pro- lonp, well amalgamaled all over, was 

ceeding lal'erally from the middle, the hune by a loop to another piece of the 

direction of the motion induced in the same wire, alW,see/^. 90, soa«toal- 

^,irg low of very free motion ; H;id its lower eod 

(1390 It is evident that, in all Iheae ic, was thrust through a small piece of 

cases, the wire is mnving in obedience 

to the same law, which produces the Fig. 90. 

revolution of a wire round a magnetic 

pole in Mr. Faraday's first experiment 

an magnetic rotations, already described 

(j S9). It is a direct and neces- 
sary inference from this law, that 

were the two troughs of mercury 

continued to ever so great a length, 

and even were they carried round 

the globe in a circle round the acting 

magnetic pole of the earth, the wire 

would continue to move along Ihem, N 

and after describing the whole circle, 

and returning from the point at which 
it had set out, would resume its course, 
and perform perpetual revolutions. In 
the very limited space compatible with 

actual eiperiment, the wire appears to cork, in order to renderit buoyant when 

move in a plane; but theory shews that placed on mercury. A glass basin, ten 

it is in reality a small portion of a cjf- mches in diameter, was filled with pure 

linder, of which the radius is the dw- clean mercury, and a little dilute acid 

tanse of the magnetic pole of the earth poured on its surface. The thick wire 

from the mire. It is amusing to compare which communicated with oneof the poles 

this incipient revolution of the wire with of the voltaic battery was Ihen hunK 

the complete rotations effected in expe- over the centre of the glass basin, and 

riments with artificial magnvts ; and, depressed so low, that the Ihin moveable 

considering it as part of a similar eiipe- wire, having its lower end resting on the 

riment upon a much vaster scale, to surface of the mercury, made an angle 

view the wire as setting out on its of about 40 degrees with the horizon. 

voyageofcircumnBTigationof theglobe. On the, circuit through the mercury 

although it is in the next moment &r- being completed, the wire immediately 

rested in its progress, beganto move and rotate, and confinueil, 

<14(l.) It is also a consequence dedu- whilst the connexions were preserved, 

cible from the same law, that the force todescriliea cone, which though its axis 

by wluch the horizontal conducting wire was perpendicular, had, evidently, from 

is urged is the same in all azimuths. the varying rapidity of its motion, re- 

(Hl.) Area] rotation, visible in all lation to a line W D, parallel to the 

lis course, may however be exhibited, dipping-needle, as being that of the force 

as the eiFect of terrestrial magnetism, by which it was actuated. The direction 

This has been accomplished also by Mr. of the motion was, of course, the same 

Faraday, who, reflecting that in the ex- as that communicated in the expe- 

periment of rotation round the pole of a riment described $ 64, when a south 

magnet, the pole is perpendicular to but pole ii placed beneath the apparatus, 

a small portion of the wire, and more or If the centre from which the wire hung 

less obhque to the rest, thought it pro- was elevated, until the inclination of 

bable that a. wire, very delicately hung the wire was equal to that of the dip, 

and connected, might be made to rotate no motion took place when the wire was 

round the line of dip by the earth's parallel to the (fip; and if the wire was 

magnetism aione ; the upper part being less inclined than the dip, the motion in 

restrained to a point, in tne hne of the one, part of the circle capable of being 

dip, and the lower being made to move describedby the lower end was reversed; 

in a circle surrounding it. With this results that necessarily foUow from tht 
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Telation between the dip and the moving 
wire*. 

(142.) It is evident that by restraining 
the motion of one of the ends of the 
horizontal wire in the experiment de- 
scribed 'in § 137 1 and represented in 
/ig. 88, so as to render that end a fixed 
axis» and providing a circular mercurial 
trough for the other end to move in, 
the same force which produced a paral- 
lel progressive motion in the former 
case, will now produce a rotatory mo- 
tion ; because the force producing a 
horizontal motion is the same in all 
positions of the wire. This equality is 
proved by making the experiment with 
two connected horizontal wires instead 
of one; placing them the one imme- 
diately above the other, each being 
furnished with its separate mercurid 
trough, into which the moveable end 
may dip. This arrangement is repre- 
sented m Jig, 91, where the current 
entering by the cup P, and travers- 
ing the mercury in the upper trough, 
ascends through the wire A, passes 
on through the upper horizontal wire 
to the central wire C, placed in the 

Fig,.9l. 



moving from the circumference to the 
centre in the upper horizontal wire, is 
exactly counterbalanced by an opposite 
rotatory force in the lower wire, in which 
the current passes from the centre to 
the circumference ; and as this equality 
is preserved in every azimuth, it follows 
that the rotatory force is constant in 
every position of the wire. 

(143.) A vertical current in a con- 
ductor moveable round a vertical axis 
is also impressed by the influence of the 
earth with a horizontal force, which 
carries it towards the magnetic east, 
when the current is descending, and 
towards the west when it is ascending. 
This will be made apparent by suspend- 
ing a wire bent as shown in Jig. 92, A, 
aiid terminating above and bdow in the 
points P and N, for the purpose of being 
placed in their respective cups, and 

Hg. 92, A. 
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axis of suspension, (the wire being hung 
by the slender thread S,) along which 
it descends, and passes outwardly 
through the lower horizontal wire, and 
thence through the mercury in the 
lower trough, to the cup N, whence it 
escapes to the voltaic battery. When 
this has been effected, it is found that 
the suspended wires exhibit no tendency 
to rotate, in whatever azimuth they may 
be placed. Hence it may be inferred 
that the tendency to revolution which 
the earth communicates to tlie current 

* QoArterly Joimni of Science, XII. 418 



balanced by a counterpoise, Li. When 
the current is passed through this wire, 
the direction of its course along the two 
horizontal branches, H and A, being op- 

Eosite, will counterbalance each otner ; 
ut that in the vertical portion, V, will 
take a position either to the east or west 
of the axis, according as the current 
descends oi; ascends tmrough it. 

(144.) If the wire, instead of having 
the shape just shown, has the figure of 
a complete square or parallelogram, as 
shown in Jig, 92, B, the second vertical 
branch will conspire with the first in 
making the wire assume the same po- 
sition, namely, that in which the current 
descends, (as V,) to the east, and that 
in which it ascends, (»,) to the west. 

(145.) FVom an attentive considera- 
tion of the facts that have now been 
stated, we are enabled to understand why 
a v<a:tical circular current, urged by the 

E2 
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the forces are in equilibrium. The 
nature of this equilibrium will appear 
fromjfg. 94, in which the circle is repre- 
sented as seen from above ; and the 
arrows point out the horizontal direction 
of the forces, which when the circle is in 
the line W E pass through the vertical 
axis and are exactly balanced. The same 
letters denote the corresponding points 
in the two figures. 

Fig. 94. 



electro-magnetic force of the earth, 
tends to arrange itself in the plane of 
the magnetic equator. If at liberty to 
do so, it will assume this position ; but 
if its motion be restrictea to any other 
directions, it will place itself as nearly 
as possible in that plane. If, for in- 
stance, it be constramed by a vertical 
axis to turn horizontally only, it will 
place itself in a plane perpendicular to 
that of the magnetic meridian ; that is, 
directed east and west, or fronting to 
the north and south. In its movements 
to attain this position, it is urged by the 
tendencies of the currents, in as far as 
their motion is vertical, whether ascend- 
ing or descending ; for the tendencies of 
the horizontal portions exactly balancb 
one another, and produce no rotatory 
effect. Thus if in the circle A D,flg. 93, 
which turns on the vertical axis, X Y, 
the current descend in the branch D, 
and ascend in the branch A, the former 





will be impelled in the direction D E, 
and the latter in the direction A W, by 
forces which cease only when they have 
attained the positions E and W. The 
horizontal portions at X and Y neu- 
tralize each other, with regard to their 
rotatory tendency. Hence the circle 
will revolve until it takes the position 
shown by the circle at E and W, where 



(146.) When, on the other hand, the 
axis of revolution is horizontal, and the 
motion vertical, the position is deter- 
mined by the forces that act on the 
horizontal parts of the circle, which now 
conspire in determining a rotation to- 
wards the plane of the magnetic equa- 
tor, if the plane of motion coincide with 
the magnetic meridian; or if not, as 
near to it as the restrictions to the mo- 
tion will allow. 

(147.) On the whole, then, it appears 
that a heliacal coil, such as that de 
scribed in { 105, balanced on its centre, 
will assume all the positions, and ex- 
hibit all the directive properties of the 
magnetic needle. 

Chapter X. 

Electro- Magnetic Induction, 

(148.) Thus far we have considered 
the electro-magnetic phenomena that 
result from the reciprocal action of gal- 
vanic currents on magnetized bodies. 
We have next to examme that class of 
effects which arise from the action of 
the former on iron, or other ferruginous 
bodies that have not previously been 
rendered magnetic. Experiment has 
proved that a conducting wire, during 
the passage of an electric current 
through it, tends to induce magnetism 
in such bodies as are in the vicinity, and 
in which that state is capable of being 
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excited. Induction, therefore, is one of directions, placed them in the ele^ncal 

the phenomena of electro-magnetism, circuit of a battery of thirty pairs of 

and must be enumerated among the plates of nine inches by five, and tried 

properties of electricity in motion. their magnetism by means of iron filings. 

(149.) It was discovered both by Sir .They were all magnetic; those that 

Humphry Davy and by Mr. Arago, were parallel to the wire attracted 

nearly at the same time, that the con- filings m the same way as the wire it- 

necting wire of a galvanic battery has a self ; but those in transverse directions 

sensible attraction for iron filings, and exhibited each two poles. All the needles 

that it will hold them suspended like that were placed under the wire when 

an artificial magnet, as long as the the positive end of the battery was east, 

electric current circulates through the had their north poles on the south side 

wire ; but the moment the galvanic cir- of the wire, and their south poles on the 

cuit is interrupted, the action ceases, north side ; while those that were over 

and the filings immediately fall off. In the wire hrJ their south poles to the 

Sir H. Davy's experiments, the filings south, and their north poles to the 

adhered to tne wire connecting the poles north ; and this was the case whatever 

of a voltaic apparatus, consisting of a was the inclination of the needles to the 

hundred pairs of plates of four inches, horizon. On breaking the connexion, 

in such considerable quantities as to all the steel needles that were on the 

form a mass round it ten or twelve wire in a transverse direction retained 

times the thickness of the wire *. their magnetism, which was as powerful 

The transverse magnetic action of the as ever, whilst those that were parallel 
electric current upon iron in its vicinity to the silver wire appeared to lose it at 
is beautifully illustrated by the following the same time as the wire itself, 
experiments, which were devised by (151.) All the needles placed trans- 
Mr. Wat kins, and which he was so versely under the communicating wire, 
obliging as to show us. A copper wire the positive end being on the right hand, 
of considerable thickness is extended had their north poles turned towards 
between the poles of a voltaic battery ; the face of the operator; and those 
and upon sifting over it very gently some above the wire, their south poles. Con- 
fine iron filings, they are observed to tact with the wires was not at all neces- 
adhere to the wire all round its circum- sary for the magnetization of the needles ; 
ference, in the form of distinct trans- for this effect is produced instanta- 
verse bands, the particles of wliich mu- neously, by the mere juxtaposition of 
tually cohere, as long as the current is the needle m a transverse direction, and 
maintained. When a ' broad and thin that through very thick plates of glass, 
copper ribbon is substituted for the wire A needle that had been placed merely 
as the conductor of the voltaic electri- for an instant in this transverse direc- 
city, and iron filings are carefully sifted tion with regard to the wire, was ren- 
upon it in small quantities, they are dered as powerful a magnet as one that 
seen to arrange themselves in parallel had long been in communication with it. 
lines at right angles to the length of the (152.) The intensity of the induced 
ribbon ; and their magnetic properties magnetism was found to be propor- 
are further evinced by the quick changes tional to the quantity of electricity trans- 
of position and general disturbance oc- mitted through the wire in a given time, 
casioned by the approach of a magnet Hence a wire electrified by a common 
brought underneath the conducting machine, however powerful, produces 
plate. no sensible effect ; a feeble magnetism 

(150.) It might naturally l)e expected only is obtained by the reception of 
from these experiments with soft iron, large sparks : but on passing the dis- 
that sted, under the same circum- charge from a Leyden battery through 
stances, would receive a permanent the wire, the needles placed transversely 
magnetism. Sir Humphry Davy, hav- to the wire are rendered permanently 
ing fastened several steel needles, in magnetic. The discharge of an electn- 
diSerent directions, by fine silver wire, cal battery of seventeen square feet, 
to a wire of the same metal, of about highly charged, through a silver wire of 
the thirtieth of an inch in thickness, and the twentieth of an inch in thickness, 
eleven inches long, some parallel, others rendered bars of steel two inches long 
transverse, above and below, in different and from one-twentieth to one-tenth of 
- - an inch in thickness, so magnetic, as to 

• Philosophical TrauRactions for 1821, p. 9. enable them to attract small pieces of 
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steel wire or needles ; and the effect by a covering of silk, or other non- con- 
was communicated to a distance of five ducting material. When the v^ire is 
inches above or below laterally from the made part of the galvanic circuit of a 
wire, through water, or thick plates of battery, even of moderate power, the 
glass or metal electrically insulated. . iron is rendered powerfully magnetic, 

(153.) The efficacy of electro-mac- and will lift up a very heavy weight by 
netic induction is, as might be expected, means of a piece of iron applied to its 
greatlj^ increased by employing a helia- poles, which act precisely like those of 
cal coil of wire, and placing the needle a horse-shoe magnet, rig. 95 exhibits 
or bar to be magnetized in the axis of an arrangement of this kind ; W w being 
the helix, in the situation represented in the two ends of the wire, coiled round 
Jig. 67. Mr. Arago first employed this the iron to be magnetized, and bent so 
method, and was enabled to produce the as to dip into the cups P and N, for 
maximum effect on the needle almost in- forming connexions with a battery, 
stantaneously. It is not necessarv, how- p^ ^^ 

ever, that the bar to be magnetized should ^* 

be exactly in the axis of the helix, as it 
may lie m any situation within it, or be 
inclosed in a tube of glass, or of any 
other material which is net a good con- 
ductor of electricity. Such a tube will 
also be convenient as a support for the 
coils of the wire, as well as for admitting 
of the introduction of difierent needles in 
succession. The needle should not be 
allowed to remain beyond a moment in 
the tube, for the magnetizing effects of 
the helix are produced nearly instanta- 
neously ; and it 8j[)metimes happens that 
if the needle be left there a few minutes^ 
the pdarity it had at first acquired be- 
comes impaired, or confused, and evea 
occasionally destroyed. 

(154.) If a long steel wire be placed ^. ... , 

m the axis of a helix, the direction of 057.) This expenment has been 
the turns of which change at different »»<Je "?<>" a very large scale by Pro- 
points, the wire will be found to have a ^sso^^ Moll with an apparatus con- 
number of consecutive points, corre- structed by Mr. Watkins*. It con- 
sponding to those at which these changes sisted of a cylinder of soft English 
take place. ii^i^* an ii^<^^ ii^ diameter, bent into 

(155.) Mr. Watkins observes that the *^e ^o™ o^ a horse-shoe, the interval 
needle to be magnetized, if it be not between the ends being eight inches 
very hard, need not have its whole *"^ ^ ^^^' The copper wire forming 
length inserted into the glass tube ; for the spiral was one-eighth of an inch in 
if held in the hand so that only half of diameter, and made eighty-three convo- 
it is within the helix, it will become lutions; the weight of the whole was 





the magnetism communicates it to the ®"ds of the spiral wire dipped in mer- 



other portion. When a small part of a cury, so as to form a voltaic circuit with 

needle, very highly tempered, is intro- * simple battery, consisting of a zinc 

duced into the glass tube, the induced Pl^^e, which exposed a surface of eleven 

magnetism will be found to extend to n^^^^ ^e* to a very diluted mixture of 

about twice the length of the part so sulphuric and nitric acids, m a copper 

introduced. ^^^^ J" the first experiment the ap- 

(156.) A very powerful temporary paratus sustained, first, fifty pounds, 

magnet may be obtained by bending a a^d afterwards, with care, seventy-six 

thick cylinder of soft iron into the form pounds, by the magnetism induced upon 

of a horse-shoe, and surrounding it with *t. 
a coil of thicjc copper wire, secured from (158.) When the weight suspended to 

communication among its several parts . BiWiotheqne Universeiie. 1830, p. i?. 
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the transverse bar of iron is small, it is form of a horse-shoe. Five tiundred 
found that the iron retains its magnet- and forty feet of copper bell-wire was 
ism for some time after the voltaic com- wound round it, in nine coils of sixty 
munication is broken. If, instead of feet each. These coils were not con- 
merely breaking the connexion, the tinued from one end of the magnet to 
eleetnc poles are changed so as to re- the other, but each of them was wound 
verse the direction of me current, then round a portion of the horse-shoe about 
the reversion of the magnetism takes an inch m length, leaving the ends of 
place with extraordinary rapidity. The the wires projecting, and properly num- 
weight, indeed, falls off, but is instantly bered. The alternate ends were soldered 
again attracted and sustained with the to a copper cylinder, and the others to 
same force as before. The rapidity of a smaller cylinder of zinc, containing 
this change is the more extraordinary only two-fifths of a square foot, and 
when it is compared with the slowness forming a voltaic arrangement with 
and difficulty of changing the poles of a dilute acid. When the armature of soft 
magnet of equal force by the ordinary iron was placed across the ends of the 
method. If, instead of a heavy weight, horse-shoe, it was found capable of sup- 
alight steel needle be in contact with porting 650 pounds; an astonishing 
the poles of the electro-magnet, the effect for so small a battery, which re- 
needle never falls off; the attractive quired a charge of only half a pint of 
force being destroyed and re-established dilute acid. With a larger battery, the 
before the weight of the needle has time weight sustained was 750 pounds, which 
to effect its removal. seemed to be the maximum of magnetic 

(159.) An extraordinary sensation is power that could be developed in that 
experienced when the piece of soft iron bar by voltaic electricity. It is remark- 
connecting the poles is held in the hand able tnat when the ends of the wires were 
during this change. At first a power- united so as to form a continuous wire 
ful attraction is felt ; this on a sudden of 540 feet, the weight raised was only 
fails, and the iron gives way ; but the 145 pounds. 

force is so instantaneously renewed, that In a subsequent experiment, a mag- 

the hand is violently drawn up again by net was wound with twenty-six strands 

an attraction as strong as before. The of copper bell-wire, covered with cotton 

moment the voltaic circuit is completed, threaid, thirty- one feet long ; about 

the iron is magnetized to a maximum, eighteen inches of the ends were left 

and sustains its greatest weight. No ^ projecting, so that only twenty-eight 

increase of magnetic power is chained feet of each actually surrounded the 

by augmenting the force of the voltaic iron. The aggregate length of the coil 

battery. was, therefore, 728 feet. Each strand 

(160.) With a larger horse-shoe mag- was wound on a little less than an inch ; 

net of soft iron, weighing twenty-six in the middle of the horse- shoe it formed 

pounds, and of which the diameter was three thicknesses of wire ; and on the 

two inches and a half, the chord of the ends, or near the poles, it was wound so 

arc being twelve inches and a half, and as to form six thicknesses. With a 

€he spirsQ wire being of brass, one-eighth battery nearly five feet square, this 

of an inch in diameter, and making electro-magnet suspended 2063 pounds, 

forty-four turns, and with the same or nearly a ton weight. This appears 

voltaic battery as in the former experi- to be the most powerful single magnet 

ment, the magnet supported 139 pounds, ever constructed, either by the ordinary 

When an iron wire was used, instead of modes of magnetizing steel bars, or by 

a brass one, this was increased to 154 the voltaic current, 

pounds. (162.) Trials were also made to 

(]61.) However great these effects procure a small temporary ma^et, 

may appear, they are much increased which should raise the greatest weight, 

by augmenting the number of coils, compared with its own weight. A 

without extending the length of the small horse-shoe of round iron, slightly 

wire. Professor Henry, of the Albany flattened, one inch in length, and six 

Academy, in the United States, and Dr. tenths of an inch in diameter, wound 

Ten Eyck, employed for the construction ronnd with three feet of brass wire, 

of the magnet a soft iron bar, two in raised, by means of a cylindrical battery, 

ches square, and twenty inches long, 420 times its own weight. Sir Isaac 

having the edges rounded, bent into the Newton describes a magnet weighing 
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three c^iJns* which he wore in a rinfr> spiral, while the intervening particles 

and which is said to have raised 74 6 form filaments inclining from the centre 

grains, or 250 times its own weight, and in proportion to their distance from it^. 

this is the greatest relative strength of The reason of this will be evident from 

any magnet yet recorded. It is evident, the principle explained in $ 50. 
therefore, that a much greater degree of (164.) There appears to be a y«iy 

magnetism can be developed in soft iron, essential difference in the effects of the 

by a galvanic ciurent, tnan in steel of shock of an electrical battery discharged 

the same dimensions, by the ordinary through a wire, and that of a voltaie 

processes of magnetizing*. battery, in dommunicating permanent 

Mr. Watkins informs us that, m order magnetism to steel bars or needles. Mr, 
to obtain magnets of any power by the Savary has brought to light several very 
above described method, great care curious particulars relating to this sub- 
must be taken to ensure the purity of ject, which have hitherto received no 
the iron employed to form the horse- explanation t. When the discharge 
shoe magnet ; and after it has been from a Leyden battery is made through 
welded and reduced to the proper shape, a straight wire, different needles, though 
it is advisable, in order thoroughly to equal in size, and parallel to each other, 
destroy any magnetism it may have ac- and placed transversely on the same 
cidentally acquired and retained during side of the wire, but at different dis- 
the process, to heat it in a furnace, and tancesr, have their polarities not disposed 
afterwards cool it very gradually, by in all of them in the same manner. In 
allowing it to remain undisturbed till sgme the poles have the same relative 
the furnace itself has grown cold. But, situation as those of a needle previously 
even after every precaution has been magnetized, and free to move, which 
taken to ensure success, we are still lia- has taken the position it would have 
ble to be baffled by causes which we when uVider the influence of a continued 
cannot explain, and which, when all cir- voltaic current passing in the same di- 
cumstances seem to be the same, pro- rection along the wire, 
duce great and unexpected variations But in others the position of the in- 
in the results. It should be borne in duced poles is the reverse of this. For 
mind, indeed, that similar embarrass- the sake of conciseness of expression, 
ments are often experienced in conduct- we ^all call the action which produces 
ing almost every other experiment in an arrangement of poles similar to that 
electro-magnetism, their results appear- resulting from a voltaic cwrreni, positive 
ing to be more or less capricious in magnetization ; the contrary effect being 
proportion as the conditions necessary that of negative magnetization. Thus, 
to he fulfilled, before uniformity can be in a series of experiments in which the 
obtained, are numerous and delicate. needles were placed at distances from 

(163.) The best form of a conducting- the wire which increased by equal in- 
wire for exhibiting its attraction for iron tervals, at the point of contact with the 
filings is that of a flat spiral coil, similar wire the needle was magnetized posi- 
to what is represented in Jig. 66, which, tively, at a small distance negatively ; 
however, for this purpose need not be a little further off it had acquired no 
rendered moveable. A wire of this magnetism whatever; at a distance 
form, through which an electric current somewhat greater than this, it exhibited 
is made to circulate, will collect a pro- positive magnetism ; and this effect con* 
digious quantity of iron filings, and tinued for a certain interval, beyond 
their relative positions and arrange- which the magnetization was again ne- 
ment, while they remain attached, pre- gative. When still more remote, it was 
sent many singular appearances. If the positive, and continued so to all greater 
rings of wire are not continued quite to distances that were tried. Hence the 
the centre, but leave an opening there, action appears to be periodical with re- 
the particles of iron are observed to lation to the distance at which it is ex- 
arrange themselves in lines, passing erted. 

through the ring parallel to the axis, and (165.) The number of periods in these 

then closing up as radii round the edge, alternations, as well as the distances at 

The particles of iron in the centre erect which they occur, appear to depend upon 

themselves into a perpendicular fila- a variety of circumstances of which it 

numt, in the direction of the axis of the ■ 

^ ^,,. -— : — : — \ — ; , , ■■ • Watkins, Popular Sketch of Electro-Magnetisn^ 

* orJiman's Joarnal, quoted in the Joaraal of the p. 45. 
Royal Institution. 1 . 609 ; and II . 182. | Annalea de Ckimte, tome, xxxlv. 
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5s dfficult to appreciate singly the effect :- meet with the intereepting property, if 
such as he intensity of the electric dis- the interposed substance is compoMd 
charge, the length of the straight wire, of concentric layers consisting alter- 
its diameter, the thickness of the needles, nately of metallic and of non-metallic 
and their degree of coercive force. In bodies. It would thence appear thai 
general, when the wires are very slender, solutions of continuity in a direction per- 

and the coercive force of the needles pendicular to the axis of the needle, or 

feeble the periodical alternations above to the axis of the helix, have a consi- 

noticed are less numerous ; and it derable influence on the majmetizinff 

even frequently happens, with these effects of the latter upon the former, 

conditions, that the magnetization is An influence of a similar kind has been 

every where positive, and that the only observed from metallic plates of different 

differences observable at different stages thickness, placed in contact with a needle 

of distance, are those of greater or less properly disposed with regard to a 

i?n^}X\xrv. XI. J. ,- ^ ., straight conducting wire receiving the 

(166.) When the discharge from the discharge of an electric battery : being 

electric battery is transmitted through found, according to their size or position, 

a wire coiled into the form of a helix to modify the intensity and even the 

around glass or wooden tubes, a similar direction of the magnetism acquired by 

diversity is met with in the effects pro- the needle. 

duced on different needles successively (168.) All these phenomena appear 
placed in the interior of the tubes, and to depend on the suddenness of the 
in different situations relative to the action exerted by the electric shock, 
axis. By varying the intensity of the either directly on the particles it meets 
charge of the battery, or the length or with in its course, or on objects that are 
thickness of the needles, the nature of situated at a distance in the surrounding 
the result is changed. The maximum space. But the direction of the mag- 
of magnetic intensity which may be pro- netization, as to its being of the positive 
duced by a given wire, depends on the or negative kind, depends essentially on 
ratio between its thickness and its the intensity of the discharge ; so that 
length ; so that the degree of magne discharges of different intensities deve- 
tization amounting to saturation, bears lope in the metal a set of opposite 
a relation to the value of this ratio. The states analogous to the polarities of con- 
degree of magnetic power that a needle trary signs, acquired at different dis- 
receivesfrom the influence of an electric tances from a conducting wire, or by 
discharge, and even the direction of its different intensities of electricity, 
magnetization, depend also on the na- 
ture and the dimensions of the bodies 

that are in contact with it, or that sur- Chapter XL 

round it. 

(167.) The magnetizing influence of a Mutual Actions of Electric Currents. 
helix through vvnich an electric dis- 
charge is passed, is completely inter- a u^ Action of Parallel Rectilineal 
cepted by a cylinder of copper, of sum- Currents, 

cient thickness, inclosing the needle, • 

and introduced within the helix. When (L69.) The discovery of Oersted, and 

the interposed cylinder is of less thick- all the consequences we have developed 

ness, some magnetic effect becomes from the fundamental law that appears 

perceptible ; andf when the thickness of to regulate the reciprocal action be- 

the copper cylinder is still farther re- tween electri» currents and magnetic 

duced, the needle is rendered even more bodies, belong to that division of the 

strongly magnetic than when exposed to subject to which the term Electro- Mag- 

the action of the helix without any inter- nettsm is more properly applied: for 

posed substance. Tin, iron, and silver, they refer to the relation subsisting be- 

placed round the needle, produce a si- tween the two agencies of electricity 

milar modification of the electro-mag- and of magnetism, which we have been 

netic action of the helix ; when inter- accustomed to consider as distinct from 

posed in very thin plates, they increase one another. But electric currents are 

this action ; when of a certain thickness, also found to have a mutual action on 

they entirely intercept it. Cylinders one another: and this general fact, 

composed of metallic filings do not which was ascertained by Ampere, soon 

produce this effect ; whereas we again after the discovery of Oersted, esta- 
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bfiibed wiotber great division of the cups, and serve u pivot* round which 
•uence; and the taw on which it is the two ttires, W, a, b«nt twice «t 
founded ii no leu proliGc in its con- ri^ht angles, are made to turn at Ihe 
■equencei. and important in its appUca- upper part of their vertical branehe*. 
tions, than that we have hitherto been having small holes drilled through them 
occupied in inTestigating. To this for that purpose. These wires, thus 
liranchof thesubjectAm^rehasgiven hung freely upon their pivots, carry on 
the name of ELECrBO-SYNAirics. their upper enda small weights, which, 

(170.) When two conducting wires bringing the centres of gravity as nearly 
are suspended or supported in such a aspossible in coincidencewilhthe points 
manner as to be cafAble of moviog, of suspension, enable them to be moved 
either towards or from one another, at by a very slight force. Conducting 
the time that electric currents are post- wires, proceeding from a voltaic battery, 
ing through them, they manifest a mu- are then inserted into the cups pre- 
tual attraction' or repulsion, according vlously filled with mercury, in sucn a 
a* the currents are moving in the same manner that Ihe galvanic current shall 
or in opposite directions in the two pass in the same direction through both 
wires. This action is variously modi- the parallel wires ; the moment (his is 
fied, when the relative inclinations and done, the wires move towards each 
positions of the currents are varied. other, even from ■ distance of several 

(171.) We shall begin by considering inches, exhibiting a powerful mutual 
the simplest case, which b that in which attraction. When the currents are trans- 
the two currents are running in parallel mitted in directions opposite to each 
directions. The attraction or repulsion other in the two wires, wnjch they may 
of currents, under these circumstances, lie made to do by transposing the corn- 
admit of t>eing exemplified in a ereat municating wires inserted into the cups 
number of ways, according to difilrent leading to one of the moveable wiies, 
modes in which the conducting wires while the others are left as before, the 
are suspended and rendered movealde, moveable wires immediately recede from 
Thus the wire* in the apparatus de- each other, manifesting a repulsion as 
scribed f U3 and 144, figure* 92 and powerful as the attraction was in the 
93, may be employed for ihat purpose, former case, 

by bringing either the vertical or the <l 73.) The electro-magnetic forces ob- 
horiiontal branches sufficiently near a tained from volt^ batteries of the ordi- 
straight wire, through which an electric "aiy strength are so feeble when com- 
current is also passing. pared with the force of gravity, that, in 

The following is also an apparatus devising experiments for exhibiting their 
for the direct exhibition of this pheno- action, it t>ecames necessary, in order to 
menan. I.flg. 96, represents a rectan- succeed, so to contrive the apparatus as 
ITular table from which arise four up- ^at the parts to be moved by these 
right pillars aapporling two cross pieces forces may be as light as possible, and 
of wood, having a row of holes for re- tie also suspended in such a way as lo 
ceiving four cups, two on each piece, the occasion the smallest amount of friction. 
Attention should be given not to en- 
-*»- "• cumber the conductors, or the magnetic 

bars which are to be set in motion, wilh 
any superfluous materials capable of 
adding to their weight ; and we should 
avoid such dispositions as require them 
to move in opposition to their own gra. 
vity. The surfaces which are intended 
to move through mercuiy should l>e as 
much as possible reduced; not only on 
account of the friction which takes plac« 
between the solid and the fluid, but also 
because Ihe surftice of the mercury ra- 
pidly oxidates, and the film of oxide thus 
— formed opposes considerable resistance 

distances of which from each other may to the motion of a solid body, and greatly 
by means of these holes be varied at impedes Ihe mechanical action of the 
pleasure. Short wires,o,a,a,a,proceed apparatus. In general, it will be found 
horirontally from the bottoms of the that a vertical suspension by a point is 
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preferable to suspension by a horizontal Dnmas have advanced a similar theory 
axis, as the former occasions less fric- of muscular contraction, founded on a 
tion. Thus Mr. Watkins finds, that the supposed distribution of nervous fila- 
attractions and repulsions of wires trans- ments, through which they ima^ne a 
mitting voltaic currents are exhibited current of electricity is sent, for the 
with more facility when they are sus- purpose of determimng the action that 
pended vertically, their two ends termi- precedes contraction. This theory, they 
nating respectively in upper and lower conceive, is supported by microscopic 
cisterns, than when turmng horizontally, observations ; but it is far too hypo- 
as in the apparatus exhibited in the pre thetical in its present form to deserve 
ceding figure. serious discussion. 

These attractions and repulsions (174.) The general fact of the mutual 
may also be exhibited with a very fee- action of electric currents being esta- 
ble current of electricity, by means blish^ by these and similar experi- 
of the gold-leaf galvanoscope, already ments, we must proceed to consider the 
described, $ 127. By removing the different modifications it receives by a 
magnet, and inserting within the instru- variation of circumstances regarding the 
ment a thick wire, inclosed within a quality and direction of the currents, 
glass tube, parallel and near to the gold (175.) We possess as yet but an im- 
leaf, a strong current may be passed perfect knowledge of the peculiar afiec- 
through the wire, at the same time that tions which electricity expieriences when 
a feeble current is transmitted through in motion, and which enable it to exert 
the gold leaf, which will then exhibit the the singular species of action we are 
attractions or repulsions of parallel cur- here investigating, so different from its 
rents, according as they are in the same attractive and repulsive powers when at 
or in opposite directions ; for these rest. These two classes of effects obey 
actions take place equally whether the laws not only different, but in some re- 
two currents are obtained from sepa- spects of an entireljr opposite nature, 
rate voltaic combinations, or whether Accumulated electricity, when not in 
they are merely two portions of the motion, acts in a degree proportioned 
same current in different parts of its to its tension ; but the wires, which are 
course. silently conducting a current of elec- 
(173.) This latter case occurs when- tricity in motion, exhibit no sign what- 
ever a wire is coiled round in a spiral ever of electric tension ; they produce 
or heliacal form, so as to bring different no change in the electrometer, and 
portions of the same current, passing in neither attract nor repel light bodies in 
the same direction, very near to one their vicinity. The law of action in the 
another. It occurred to the author of state of rest is, that dissimilar electrici- 
this treatise, soon after hearing of Am- ties attract, and similar electricities re- 
p^re*8 discovery of the attraction of pel one another. When in motion, on 
electrical currents, that it might be the contrary, it is between similar cur- 
possible to render the attlraction&tween rents, that is, currents moving in a 
the successive and parallel turns of a similar manner, that attraction takes 
heliacal coil very sensible, if the wires place ; while a mutual repulsion is ex- 
were sufficiently flexible and elastic ; erted between dissimilar currents. The 
and, with the assistance of Mr. Faraday, electro-statical effects of electric tension 
this conjecture was put to the test of cease when the atmospheric pressure 
experiment, in the laboratory of the is removed; but the electro-dynamical 
Royal Institution. A slender harpsi- effects of currents take place equally 
chord-wire bent into a helix, being whether the conductor be surrounded by 
placed in the voltaic circuit, instantly the air or placed in vaoM, 
shortened itself whenever the electric (1 76.) Since the effects of electric 
stream was sent through it; but re- currents are the consequences of the 
covered its former dimensions the mo- motion of the electricity, it is natural to 
ment the current was intermitted. It supposethatthey will be in proportion to 
was supposed that possibly some analogy the velocity with which it moves, as well 
may hereafter be found to exist between as to the quantity that is set in motion, 
this phenomenon and the contraction of But we are in utter ignorance of the 
muscular fibres, which seems to be real velocity with which the electrical 
regulated by some properties of the effects are propagated along a conduct 
nervous system, not unlike those of ing body, during the completion of the 
electric agency. Messrs. Prevost and voltaic circuit: nor do we even know 
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whether this velocity varies in different of currents upon one another, it is 

€ues, nor have we any distinct idea of necessary to consider the total action of 

the causes that are hkely to produce each as resulting from the combined 

•uch variation. We can perceive, how- actions of every one of its parts. As 

ever, that the mode of transmission has it is not possible to institute a direct 

a considerable influence on the results, measurement of those elementary forces 

The currents transmitted by perfect exerted by each indefinitely small por- 

conductors are continuous; that is, lion, the one upon the other, the inquiry 

their intensity is either constant, or varies can only be made by assuminfs^ some 

insensibly during two consecutive in- hypothesis relative to the law of diminu- 

stants. When the conductors are im- tion according to distance, and prose* 

perfect, the currents are discontinuous; cuting the consequences of such an 

for the electricity is allowed to accumu- hypothesis, when applied to such finite 

late for a certain time, and until the portions of current as occur in our 

insulating force is overcome, when it experiments, and to compare them with 

escapes, and passes on with a sudden actual observation, their accordance 

impulse, analofi;ous to an explosion, with which will be a test of the admis- 

The electro-motive power continuing to sibility of the hypothesis, 

act, gives rise to a second accumulation, (] 79.) Guided by the analogy of all 

and a fresh explosion, and so on succes- the other known forces in nature, we 

sively. These alternations may become shall assume that the mutual actions of 

sufficiently rapid to escape our senses, the elementary portions of electric cur- 

and thus produce the appearance of an rents are inversely as the squares of 

uninterrupted current, although it be their relative distances; and this is, in 

really discontinuous. The distinctive fact, the supposition which agrees best 

character of such currents is, that they with all the facts that have hitherto been 

are incapable of producing a deviation ascertained. If we suppose A, for in- 

in the magnetic needle. This is the stance {Jig. 97), to be an indefinitely 

case with the current produced by the small^ portion of the rectilineal current 

common electrical machine, when a com- PN, moving from left to right, it will 

munication is established between its act upon another elementary portion, B, 
positive and negative conductors : and 

also with the currents established In pjg^ 97^ 
what have been called the secondary 
piles of Ritter (see Electricity, $ 93), 

or piles constructed with a series of ^ — '—^^ 
metallic discs separated by humid con- 
ductors. Discharges from the Leyden 
vial, in like manner, although they in- 
duce a degree of permanent magnetism 

in steel hm near which they pass, yet B ■• > 
scarcely leave any traces of their effects 
on the needle of the galvanometer, when 

transmitted through the wires of that ^ '^ ^ ^ 
instrument. 

for us to discriminate differenceiof ye- L ilf^Zu^^i/jl* ^°T °' attraction / 

a conducLg ^y we shaU distingu^h JJrulc al d*^" "" *"P"" ''* ^^ 
contmuous currents only ra respect to "^ 
their intensity , and pretend to judge of y = " ^ 
the degrees pf intensity solely by the rf ■ . 
amount of the effects produced on the (180.) It may be demonstrated ma- 
galvanometer, thematically, that such being the law ol 
(178.) In order to arrive at the fun- elementary action, it will follow as a 
damental law of electro-dynamic action necessary consequence that the total 
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action of a current, P N, extended to 
an infinite length, upon an elementary 
portion of a parallel electric current 
placed at any given distance from it, is 
m the simple inverse ratio of the shortest 
distance between them — ^that is, of a 
line drawn from the one to the other, 
and perpendicular to both. Thus, in 
the example just given, where the dis- 
tance C A is three times the distance 
B A, the action of the indefinite cur- « 
rent P N is three times greater upon B ; ^ 

than upon C. So that if this total 3 

action be expressed by F, 

F = — - • rection of the current makes with the 

" medial line A B. This will readily ap- 

(181.) The action, whether attractive pear by resolving the force Kb into 

or repulsive, of two elementary portions the two forces, A a, A C, of which the 

of current, must be conceived as exerted latter, acting counter to the direction of 

in the direction of the line which joins the current, is destroyed, while the only 

tliem, and which, for the sake of distinct- effective force is A a, which is to A 6 

ness, we shall call the medial line. So as the sine of B A C to radius. 

that in the case of the parallel currents (183.) A similar diminution of the 

A and. B, Jig, 98, moving in the same force by which the current A reacts 

direction, an attraction denoted by the upon B, takes place in consequence of 

short arrows a and a, takes place in the its obliquity ; for the portion C n, Jig. 

ry gg 100, whichi when it was parallel to B, 

. a» • acted with its full power, has only the 

A. Kj _, 

^ Fig. 100. 
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direction of the medial line A B ; and 
in the case of the currents C and D, 
likewise parallel, but moving in opposite 
directions, a repulsion takes place, as 
shown by the snort arrows, in the di- 
rection of the same line. It should be 
observed that, in both cases, the action 
on each current is perpendicular to the 
direction of that current, 

§ 2. Action of inclined Rectilineal 
Currents. 

(182.) Let us next suppose that the 
two currents, still remaining in the same 
plane, the direction of one of them, A» 
Jig. 99, is changed from parallelism to 
the position C c, the action will still be 
perpendicular to that position — that is, 
the current A will be urged to move in 
the line A a, at rieht an^es to C c; but 
the force which uius impels it will be 
diminished in the ratio of radius to the 
sine of the angle B A C, which the di- 



force of the portion m n, when acting in 
the oblique position D n, the diminution 
being proportional to the cosine of the 
angle C n D, or, what is the same, to 
the sine of the angle D n B. The mu- 
tual action of the current, therefore, 
situated in the same plane, but in ob- 
lique positions, may, m a^ far as this 
obliquity is concerned, be expressed by 
the following equation, in which « and fi 
denote the angles made by the directions 
of the currents respectively with the me- 
dial line. 

/ = sin. «. sin. A. 

(184.) Let us now inquire into the 

modification the formula must receive 

when the two currents are indifferent 

planes. We have seen that in the last 
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instance, the effective force of an oblique 
current, in its action on another current, 
is obtained by reducing that force to a 
direction at right angles to the medial 
line. Let us suppose this to be done 
with regard to both the currents A and 
B, Hg". 101, the former being reduced to 
the Une a a, and the latter to the line b b, 
situated respectively in planes perpendi- 
cular to the medial line A B. The force 

Fig, 101. in that case the cosine of /§ vaniflhira, 

and the whole function expressing the 
value of/ is reduced to zero. This de- 
struction of force ought to take place, 
whatever be the position of the force B. 
(186.) This, however, is not found to 
be the case, excepting only when the 
current B is at ri^ht angles to the me- 
dial line. If it be m any other position, 
and more especially if it also comcide in 
direction with the medial line, a repul- 
fy^ii ^''id / sion is manifested. This will appear 

^. X •! . XL J- 1- A from the result of the following experi- 
a A, estimated m the direction A c, mgnt-^. 

drawn parallel to B 6, or the force B b ^jg^^ j^^ ^ ^^^ ^^^ ^^^ ^^ 1^3^ ^^ 
estimated in the direchon of B rf, drawn porcelain,;&'. 1 03, be separated into two 
parallel to A a, will, in either ^se, be divisions by a glass parfition, fixed with 
reduced m the proportion of radius to ^^^^ ^ ^ divisions filled with 
the cosine of the angle a Ac or rf Brf, mercury. Insert into each of these 
which IS equal to it. and which may be troughs, the sides of a copper wire, bent 
defined, the angle between two planes j^ ^he manner shown in^Vl03, so that 
passing through the medial line and each ^^ ^ ^^^ ^^^^^ partition, 

of the currents respectively. Calimg ^ / k f _ 

this angle /», the formula, including all Fig. 103. 

possible relative positions of the cur- 
rents, either in the same or in different 
planes, becomes when the intensities and 
distance between the currents are also 
taken into account, 

f =i ab (sin, g, sin. A. cos, /t.) 

which should express the action of the 

currents estimated in the direction of the over which the arc passes, joining the 

medial line, provided the hypothesis with two parts of the wire which float in the 

which we set out were correct mercury. Every part of this wire, cx- 

(185.) But experiment, the- only cri- cepting the steel points soldered to its 

terion of the soundness of physical theo- extremities, is to be covered with silk, 

ries, shows that an element is still want- Two wires, forming connexions with the 

ing in this process for estimating the two poles of a powerful voltaic battery, 

value of the forces. It would rollow being inserted m the cups P and N, 

from the above formulae that when an whicn communicate with the mercury in 

elementary portion of a current A, which the basin, in the directions of the 

has the precise direction of the medial straight branches of the wire produced, 

line, that is, when it proceeds in a straight the current from the one will pass 

line, either towards or from another ele- through the mercuiy in the adjoining par- 

mentary portion of a current ^,fig. 102, tition to the steel point belonging to one 

no action can take place between them ; of the extremities of the wire, and then, 

for the angle « bein^ reduced to nothing, circulating through the whole extent of 

its sine likewise vanishes : and the same the wire, will pass out into the mercuiy of 

result should also obtain when the the partition, and4}e carried off by a third 

planes in which two currents are situated wire. It is found that at the instant this 

are at right angles to one another : for current is established, the wire moves in 
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the direction of the long branches until (190.) The electro- dynamic forces 

it is stopped by the end of the vessel *. which are thus called into action by vol 

This repulsion is exerted, not only at the taic currents, and of which the intensi- 

indefinitely small distance that occurs ties and directions are determined ac- 

letween the parts immediately in sue- cording to the laws above defined, are 

cession, but also at finite distances be- subject to the same laws of composition 

tween all the parts of the same current, and resolution as all other mechanical 

(188.) Since it appears, from this and forces, and present the same facilities 

other experiments, that portions of the for the application of mathematical rea- 

same, or of different currents, moving in soning. It would of course be impos- 

the same continuous line, or at oblique sible to attempt giving, within the limits 

angles, repel one another. Ampere found of this treatise, even an outline of the 

it necessary to introduce another term in analytical investigations by which various 

the formula. Since the action due to important conclusions have been de- 

this cause is greatest when the two cur- duced. We must content ourselves with 

rents are in the same continuous line, stating merely results, referring such of 

as A Bfjig, 104, and vanishes when the our readers as desire further information 

medial line is at right angles to both of on the subject to the works of Ampere, 

them, as in the positions A and C, he in- Biot, and Savary. 

ferred that in all intermediate positions, as (191-) It follows evidently from what 

at D, for instance, the action would be has been said, that when two electric 

proportional to the cosine of the angle currents, situated in the same plane, are 

BAD, between the direction of the cur- inclined to one another at any angle, they 

rent A, and the medial line A D, which are always mutually repulsive when one 

we have already expressed by the sym- of them approaches to, and the other 

bol a. The same reasoning applies to recedes from, the summit of the angle ; 

p. and, on the contrary, they attract one 

rtg. 104. . a^jother when they both approach to, or 

both recede from, that angular point. 

B When the intensities and positions of the 

^ currents are the same in the two cases, 

and the only difference is in the change 

*•*•». of the direction of one of the currents, 

' -v^j ^ then the attractive force in the latter 

I> case will be found to be precisely equal 

to the repulsive force in the former case. 
And, universally, whatever be the action 
of a system of fixed conductors upon a 
moveable conductor, it is immediately 
changed into an equal and contrary 

the current D, when the variations of ™V Yhrri'^^C^^^^ 

its position are taken into account. The 1"TpH ^^^f f^^^^^^^ 

term to be added to the force, as for- ^^e fixed part of the system. If the di- 

merly determined, must therefore be re^hon of the current through b^^ 

som/ function of the cosines of the an- ^^^^ 3?^«f l^^V*"^^ ^'f%^w 

gles « and ^, and may be expressed by ^"^'^^ ?$**?^ " reproduced. In this 

prefixing to them the^ndeteminate co- T^, ^? °^*?^" ^ f »^.%'^" ?y ^^^<^»1 ^^^ 

efiicient\ So that we now have ^.1""^ J^*'"""? ""f '^'^''^"* P*'^' u 5?^ 
^ u»T uaTc electro-dynamical apparatus rpay bedls- 
/=;Tz■(sln.«.sin./J.cos.^+^cos.«.cos.jS). tinguished from those depending on the 
,"_,.,. , . influence of the earth. The former ef- 
(189.) In his earlier speculations, Am- fects are permanent, but the character 
pere had regarded the value of k as so of the latter is changed by reversing the 
small that it might safely be neglected ; direction of the current throughout the 
but subsequent researches led him to the whole system. 

conclusion that it is in reality equal to (192.) It is hardly necessary to enter 

— 4, so that the whole of this second into any minute description of the appa- 

term of the formula is negative, when ratus by which these conclusions may 

the cosines of the two angles are them- be experimentally verified. The modes 

selves positive. of suspension adapted to the particular 

• Amp»re.Th^ri. dM Ph^o,.«n.sEi«tr«.Dy„^ °^r\°' ^ experiment will readily 

miques, ^39 «-") n». ^^^j. ^^ ^^^ ^^^ ^^^ ^^ j^^^^^ himself 
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acquainted with the details we have 
already given of analogous experiments. 
It will be sufficient to observe that there 
are, in general, two kinds of rotation of 
which the moveable parts of the appa- 
ratus are susceptible, the one on a verti- 
cal axis, as in figures 66, 71, 84, 91, 92, 
93, and the other on a horizontal axis, 
as in figures 85 and 96. 

(193.) Care should alwavs betaken, 
in nwe experiments, to guard against the 
errors that might arise from allowing 
the influence of the earth to interfere 
with the actions we are examining. This 
disturbing force may, in general, be 
neutralize!, and rendered inefiPective by 
particular dispositions of the conducting 
wires. Thus the moveable conductor, 
fig. 92, may be rendered abiotic or inde- 
pendent of terrestrial influence, by form- 
ing a second parallelogram below the 
first, composed of wires, so tiuned as to 
oblige the current to pass in opposite 
directions in correspondmg parts of each. 
This is shown in J^. 105, in which P 
and N represent the steel points affixed 
to the extremities of the wires for the 
purpose of being placed in cups with 
mercury ; and the directions of the cur- 
rents in the several portions of the wire 
are indicated by arrows, whereby it 
appears that the action of the earth 
upon any one part is neutralized by its 
equal ^d opposite effect in another €or- 
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responding part, similarly situated with 
regard to the axis of rotation. The 
wires should be covered with silk thread,, 
in order to prevent metallic contact in 
the parts where they are brought to- 
gether. The shaded parts re{)resent the 
branches that may be conveniently tied, 
or simply twisted * together, after this 
precaution has been taken, for the sake 
t>f greater firmness. The weight W is 
applied as a counterpoise on &e other 
side of the axis of rotation. 

Fig. 107.J 




(194.) J^. 106 represents another 
form of an astatic conductor, haying the 
same properties as the preceding, but 
better adapted for the examination of 
the actions on the lower horizontal 
branch. 

(195.) jFi^. 107 shows an arrangement 
of a similar Idnd, in which the horizon- 
tal branches neutralize one another, but 



in which the interior vertical branches* 
being in the axis of motion, have no 
influence in producing rotation ; and the 
exterior vertical branches are therefore 
uncompensated, as far as relates to the 
action of any current presented to them: 
although bemg in opposite sides of the 
axis, they neutralize one another as fw 
as regaras the influence of the earth. 
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<196.) It follows, as a consequence of 
the principles alreadylaid down, that the 
action of a small portion of conducting 
wu-e, bent into any number of flexures, 
provided they extend to no considerable 
distance, upon another current, any- 
where situated, is equivalent to the 
action of a similar wire proceeding in a 
straight course between the two ex- 
treme points of the contorted wire. 
The action, for example, between a con- 
ducting wire, A B, fig. 108, and an 
elementary portion, C D, the one pur- 
suing a sinuous course, the other recti- 
fy. 108. 

A 
y. « 



J 

D 



lineal, is precisely the same as if the 
former, instead of being contorted, had 
passed in a straight line from the point 
A to the point B; that is, along the 
dotted line A B. 

(197.) By an extension of the reason- 
ing which led to the conclusion just 
stated, it may be proved that the action 
of a current traversing the contorted 
line A B, fig, 109, (and which we have 
seen is equivalent to that of a current 

Fig. 109. 
c ^ 



with A w and B m, through the tniddle 
of E F, the action of A B is to the action 
of E F, inversely as A w to G »i. 

(198.) If the electric currents be con- 
ceived as spread over a given surface^ 
^^ fig^' 110» instead of being confined 
to a single line ; then the action of this 
superficial stratum of currents on the 
elementary current m, which is a part of 
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of equal intensity passing in a direct 
line from A to B,) on any elementary 
portion m of a distant current C D, will 
be to the action of a similar current 
E F, (comprehended within the angle 
A m B, which A B subtends at the point 
m, the middle of the elementary cur- 
rent.) in the inverse proportion of their 
mean distances from the point m ; that 
\»i drawing G H, making equal angles 



the current CD, will be precisely equal to 
that of B, or E ; or of any other super- 
ficial stratum composed of similar cur- 
rents, situated at any distance from m, 
and inclined at any angle, provided it 
be comprehended by the sides of the 
same pyramidal or conical figure, hav- 
ing the surface A for its base, and m 
for its apex. This, indeed, follows la a 
necessaty consequence of the preceding* 
law: the diminished influence of the 
currents in A, resulting from their 
greater distance, being .exactly compen*^ 
sated by their greater number. It may 
be derived still more directly, indeed, 
from the general law of the action of 
electric currents being inversely propor- 
tional to the squares of the distances^ 
We shall have occasion hereafter to 
make important applications of this 
principle. 

§ 3. Action of Terminated Currents* 

(199.) We have seeii that the action 
of a rectilineal current of infinite length 
on a short portion of current at a dis- 
tance, situated in the same plane, and 
wholly on one side of the former, tends to 
give it motion in a line perpendicular to 
itself, and either in the same direction as 
the extended current, or in the opposite 
direction, according as it is receding t^om 
or approaching to it. . The same appliei 
to a current of any length, provided it be 
situated wholly on one side of the cttT* 
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fent that acts upon it, and whieh it will 
be convenient to designate a terminated 
current. Thus, the current A B, Jig, 
III, lying wholly on one side of the ex- 
tended current C D, and which is there- 
fore a terminated current, will be urged 

Fig, III 
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in the direction of the dotted line M R. 
For since the current A B is moving 
firom the angular point B towards A, 
while the current C D is, in the part 
C B, moving towards B, the former will 
be repeUed by the latter during the 



whole of that part of its course. Thf 
resultant of all the repulsive forces thns 
operating on A may be represented by 
the line ME. On the contrary, the 
currents passing alonj? the lines A B 
and B D, are both moving in a direction 
from the angular point B ; consequently 
they attract one another; and Uie re- 
sultant of these attracting forces may 
be expressed by the line M F, which, 
when combined with M £, pves the 
total resultant M R, perpendicular to 
AB. 

(200.) Applying this principle to 
various positions of a terminated cur- 
rent with relation to the extended one, 
we obtain results which are expressed 
in the annexed diagram, flg, 112; 
where, as before, C D is the extended 
current passing from C to D, and the 
upper lines represent various positions 
of the terminated currents, of which the 
directions are marked by the terminal 
arrows; while the dotted arrows point 
out the directions of the resulting mo- 
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tioil^ As a general rule, whenever the 
direction of the terminated current is 
from the line of the extended current, it 
18 urged to move in the same direction 
as the extended ^current moves; when 
its current is towards the extended cur- 
rent, it is urged to move in the contrary 
direction. 

(201.) It is easy to perceive that if, 
instead of allowing the conducting wire 
transmitting the terminated current to 
obey its tendency to move parallel to 
itself, its motion were restricted to ro- 
tation round a fixed axis at one of its 
extremities, as shown in Jig, 113, the 
force arising from the action of the in- 
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definite current C D, will carry the ter- 
minated current round the whole cir- 
cumference of the circle. This rotatory 
force is independent of the angle of 
inclination of the currents, and is, con- 
sequently, uniform in every position of 
A B ; and will accordingly act as an 
uniformly accelerating force, causing 
the wire to revolve with continually 
increasing velocity, until checked by 
friction and other mechanical obsta- 
cles. 

(202.) The direction in which the wire 
revolves depends, of course, upon the 
relation between the directions of the 
two currents concerned. When the ter- 
minated current is passing from the 
centre to the circumference in the 
shorter wire, its revolution will be as 
represented in the figure ; that is, in a 
direction contfary to that of the un- 
limited current, in that part of the circle 
which is nearest to it, but similar to it 
in the more distant part of the circle. 
The reverse takes place when the cur- 
rent in A B is passing from the circum- 
ference to the centre. 

(203.) While such is the action of tiM 
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nctended current uponlbe one that ii 
termin&lei], mi equal but contrary re- 
action is neceasarilj exerled br the tet- 
minaled one upon the extendca current. 
Thus, while the current A B, )lg. 1 14, 

F^g. 114. 
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lends to move in the direction of Ihe 
upper arrow, its reciprocal action on the 
current C D, urges the wire that con- 
ducts it in the contrary direction, from 
B to C, as denoted by the lower arrow ; 
and Ihe same principle applies to all the 
other cases. 

i 4. Action lif Diverging and Converg- 
ing Current*. 

(,9.04.) Since the rolaloiy force is Ihe 
same in all positions of Ihe wire, it is 
evident that if wires, or other conducting 
bodies, be bo disposed as to cause the 
currents to radiate from a centre in all 
flireciions, they will lend to revolve in 
the same manner as any one of Ihem 
singly would have done, by Ihe influence 
of a rectilineal current in the Ticinily, 
and in the same plane ; provided this 
latter current be wholly without Ihe 
circumference of Ihe circle of revolution. 
The same thing will hapjien when Ihe 
currents converge from Ihecircumference 
to the centre, only the direction of the 
motion will be reversed. These two 
conditions of the experiment are repre- 
sented in figi. 115 and 116, where the 
arrow-heads in the paths of the cur- 
renta denote their direction ; and the 
exterior dotted arrows the direction of 
the lerolutioD of the cooducton. 

Fig. Hi. 



<2D9.) Examples of Ihis kind of di' 
vergence or convergence of currents 
frequently occur in electro- dynamical 
experiments. They are met with when- 
ever afluid conductor, such as mercury, 
is the medium of coruinunication be- 
tween the point of a conducting wire 
dipped into the fluid and a circular rim 
of metal ; in which case there is always 
more or less of diifusion of currents 
while they are passing through the fluid; 
and generally there is a tolerably regu- 
lar radiation or concentration of the 
currents, of which some idea may be 
formed by j!«\ 117 ; where Ihe current 
passing from P to N, through mercury 
contained in the cylindrical vessel V, 
will radiale from the point of the wire 
towards eveir part of the circumference 
of that vessef. If the current pass from 
N to P, it will conveij^ towards the 
wire. In either case the action of a 
strong current, passing along the straight 
horiaontal conductor G D, viill give nse 
to a revolving motion in the mercury, the 
direction of which, corresponding with 
Ihe directions of Ihe two currents, is 
indicated by the arrows at w, D, and m. 

(206.) It is not easy to exemplify by 
direct experiment the theoretical de- 
ductioni applicable to the case of the 
actiflo of a straight current of indelinile 
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length on a terminated current; that is, 
on a portion of another current, situated 
on one side only. The difficulty arises 
from the impossibility of limiting the 
actions to those parts of the currents 
to which we wish to confine them, 
while studying their efiPects, and of ex- 
cluding the action of the remaining 
portions of the currents necessary for 
completing the circuit The only mode 
of preventing the interference of the 
latter, is to neutralize them by opposing 
one part to another ; this may in a great 
measure be accomplished by providing 
for the subdivision and branching off of 
the currents in different directions, so 
that their actions may destroy one an- 
other. If, for instance, the ends of the 
smaller wire that is to be rendered 
moveable, be nade to dip into a vessel 
of mercury, of sufficient width to allow 
of the electric currents to diverge and 
spread over a considerable surface, they 
will not materially interfere with the 
actions we are examining. 

(207.) In the cases we have just 
considered, (§ 204,) the axis of ro- 
tation in the shorter wire was sup- 
posed to be at its extremity. If 
its situation were different — were it, 
for example, in the middle of its length, 
as at Xtj^g, 118, it is evident that when 
the current is passing from A to B, it 
moves in the first portion towards the 

Fiff. 118, 
A 



rotatory forces would oppose each other ; 
and as the strongest would prevail, it 
would bring the conductor into a position 
where they are in ec^uilibrium. Seey^. 
119, where the portion/ B of the limited 
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centre, and in the second portion from 
it; hence the rotatory forces, denoted 
by the arrows a, b, counteract one an- 
other, and the wire is urged to revolve 
only by the difference, if there be any, 
between them. 

(208.) If the current, which we have 
hitherto supposed to be terminated, that 
is, altogether on one side of the recti- 
linear current, were prolonged so as to 
cross the latter (without, however, join- 
ing it), that portion which extended 
beyond it woij&d have a tendency to 
move in an opposite direction to the 
part on the other side; so that these 
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rectilineal current A B, turning on the 
axis A, and crossing the unlimited cur- 
rent C D, tends to move in a contrary 
direction to the portion A/, the position 
of equilibrium being that of A £. 

(209.) If the current A B be traversed 
by the current C D passing through the 
axis itself. A, the position of equilibrium 
is that of parallelism between the two 
wires. In either case there can be no 
revolution round the axis. 

$ 5. Action between Currents situated 
in different Planes, 

(210.) Let us now consider what will 
happen when the two currents A B and 
CD,^. 120, are in different planes, 
both being of an indefinite length, and 
extending on both sides of the perpen- 
dicular line P Q, whic^h is common to 
Uie directions of l)oth currents, and 
divides each into two portions. At- 

Fig. 120. 




traction will take phice between those 
portions in which the current is passing 
towards P or Q, the points at which the 
currents are nearest to each other ; that 
is, in the present instance, between the 
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"bortions A P and C Q. The portions 
P B and Q D will also attract one an- 
other, because the currents are proceed- 
ing from the points P and Q, in each 
respectively. But the portions A P and 
Q D will repel one another, as will also 
the portions P B and C Q ; because the 
currents are moving in a different man- 
ner in the two that compose each of 
these pairs. 

All these forces concur in producing 
a rotatory motion round the axis P Q. 
The wire A B will tend to assume the 
•position a b, parallel to G D ; and the 
wire C D will be urged to take the posi- 
tion c d parallel to A B. If only one of 
these be moveable, it will place itself in 
a line parallel to the other ; if both be 
moveable, they both will take an inter- 
mediate position ; so that, in either case, 
they will become parallel to one another. 
That part of the force which produces 
this rotatory effect, and acts in a plane 
perpendicular to the axis, may be termed 
the directive force. It varies as the 
sine of the angle A Pa; but another 
part of the force still remains, namely* 
that which acts in a direction perpen(U- 
cular to this plane — that is, parallel to 
the line P Q, the nearest oistance of 
the wires. It is evident that this force 
varies as the cosine of the angle A P a. 
Whenever that angle is less than a right 
angle, this force is attractive ; and as it 
tends to bring the currents nearer to 
each other, it may be distinguished from 
the former by the designation of the 
QpjproximaUve force. Commencing 
when the positions of the wires, from 
being perpendicular, are slightly inclined 
to each other, this latter force attains its 
maximum when they have been. brought 
by the dhrective force into a parallel 
"position. When the corresponding por- 
tions of the wires, on the other hand, 
form an obtuse angle, the approxima- 
tive force is negative, and is so in the 
greatest degree when the wires are 
parallel, so that their currents move in 
opposite directions. This is an obvious 
consequence of the change of sign which 
the cosine of the angle A P a experiences 
when the latter changes from an acute 
to an obtuse angle. 

(^11.) If the movements of either of 
the wires be restricted to rotation round 
an axis different from P Q, such as X, 
fi^, 121, some part of the directive force 
Vill be destroyed by the opposing action 
^f the current passing through the por- 
tion X P, which intervenes l^tween the 
luds and the perpendicular. This oppo- 



sition of forces will increase according 
as the axis is fmrther removed from the 
perpendicular: so that all action may 

Fig. 121. 




come to be entirely neutralized, if its 
distance is sufficiently great in propor- 
tion to the length of the other branch, 
P B, of the current situated on the other 
side of P Q. In estimating the result- 
ing effect, however, it is necessary to 
take into account the mechanical advan- 
tage which the rotatory force, impelling 
the remote part PB,has over that which 
impels X P, in consequence of the greater 
length of lever by which it acts. When 
the contrary rotatory momenta thence 
arising are equal, the currents will be in 
a position of equilibrium, which posi- 
tion will tend the more nearly to coin- 
cide with that of parallelism, in propor- 
tion as the axif approaches to a coinci- 
dence with the peraendicular P Q. This 
result may be verified by employing the 
apparatus fig. 106, which, from its con- 
struction, is, as we have seen, astatic, 
and by which we may study the action 
of a transverse current upon either of 
the horizontal branches to "which it is 
presented. 

$ 6. Mutual Action of Rectilineal and 
Curvilinecd Currents. 

(212.) If a terminated current, which 
describes a curve line, be subjected to 
the action of an unlimited rectilinear 
current, its different portions will be 
urged in different directions, each being 
perpendicular to the respective portion 
of tne curve. Thus the different parts 
of the circular conductors A B,^. 122» 

jPf^. 122. 
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or £ l^tfig' 123, through which an elec- 
tric current is passing, will be urged by 
the straight current C D, situated in the 
same plane with it, in the various direc- 
tions indicated by the dotted arrows. 
If these forces were all equal, or nearly 
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so, which could only happen when C D 
was at an infinite distance, or one in- 
comparably greater than the diameter of 
the circle, they would all be in equili- 
brium. But, in all other cases, portions of 
the circles nearest to the current will be 
more powerfully acted upon than the 
remoter parts, and the forces by which 
they are impelled will therefore prevail, 
and the whole circle wiU tend to ap- 
proach or recede from C D, according 
as the direction of the currents in that 
part is similar or contrary to that of the 
current C D. Thus it appears that the 
approximative force is equal to the c^- 
ference between the resultants of the 
attractive and repulsive forces. 

(213.) If the circular conductor be 
now made to revolve on an axis X Y, 
fig, 124, parallel to C D^ and if it be 

Fig. 124. 



rotation, and into one at right anslet to 
it. The latter of these forces will tend 
to produce rotation, and to bring back 
the circle into its position of stable equi- 
librium E e in the plane common to it 
and to the current C D. Hence the 
directive force, or that which tends to 
bring the circle into this position, by 
turning it on its axis, is composed of 
the sum of the resultant forces acting 
upon the portions on each side of the 
axis. As the two sets of forces con- 
spire to produce the same rotation, it 
matters not, as to the ultimate effect* 
whether or not the axis pass through 
the centre of the circle, provided it be 
parallel to C P, and either within the 
circle or beyond it, because^ in the latter 
case, where there is an opposition of 
rotatory forces, the force acting on B 
being greater than that which acts on A, 
and also acting at a mechanical advan- 
tage, will always prevail. 

(214.) Let us next suppose the axis X Y 
of the circular conductor to be at right 
angles to C D, as represented in fig. 12S. 
The position of equilibrium will, under 





turned on this axis so that its plane is 
inclined to that which passes through its 
centre O, and the rectilinear current 
C D, the directions of the forces at A 
and B, being out of the plane of the 
circle, may be decomposed each into a 
force in that plane along the radii^s of 



these circumstances, be precisely the 
same as the former : for any disturbance 
from the situation of the circle in which 
its plane includes the current C D, would 
give rise, in the portions of the cirde 
nearest to it, to rotatory forces that tend 
to bring it back to that plane, as may 
be understood from what was explained 
in $ 210. These forces will be aided by 
those that act on the lateral portions of 
the circle, in which an attraction exists 
towards those portions of the straight 
current wheie tne directions correspond, 
as far as regards the approach to, or 
recession from the nearest points of the 
two conductors. The only forces op- 
posing these are the forces acting upoii 
the remoter parts of the circle, which are 
of course too weak to change the nature 
of the effect resulting^ from the f<»tDer. 
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(215.) Whatever be the action which 
the circular current receives from the 
rectilineal one, a similar and opposite 
action is exerted by it on the latter, which 
is urged to assume a position in the plane 
of the circle, and such that the adjacent 
currents in each may be moving in 
similar directions. 

(216.) The action of a circular cur- 
rent upon a rectilinear, but terminated 
current, situated wholly on one side of 
the plane of the circle, and inclined to it 
at a given angle, requires especial notice, 
if the direction of the straight current, 
when prolonged, pass near the centre of 
the circle, the forces that act upon it 
are nearly balanced, and neither action 
nor reaction is perceptible. If it be 
near the circumference, the action of the 
adjacent portion of that circumference 
will predominate, and effects, similar to 
those taking place between a terminated 
and an unlimited current, will be pro- 
duced, with this modification, however, 
that the unlimited current being circular, 
the motion of translation in a straight 
conductor at right angles to the plane of 
the circle, following the course of the 
circumference, becomes itself circular ; 
and if the conductor be attached to an 
axis perpendicular to the plane of the 
circle, and passing through its centre, 
that conductor will be made to revolve 
continually around that axis, as shown in 
/^. 126, where C D is the circular current, 
and A B the straight moveable, but ter- 
minated current. This rotatory force 



contrary direction, as marked by the 
dotted arrows parallel to it. 

(217.) All these effects will be con- 
siderably increased if a great number of 
similar currents be moving in the same 
direction in the different parts of the 
circuit, described by the straight eurrent 
in the last paragraph. This may be 
obtained by making currents traverse 
a number of wires placed in the surface 
of a cylinder, and parallel to its axis, 
which IS also thai of the rotation ; or, 
what will be equivalent to this arrange- 
ment, by making a current pass along 
the surfaceof a hollow conducting cylin- 
der, in the direction of its length ; for in 
that case, the current may be considered 
as dividing itself into an mfinite number 
of parallel filaments. 

(218.) A similar augmentation of 
power may be obtained by multiplying 
the circular currents, either by employ- 
ing a wire coiled into the form of a ring, 
or into that of a flat spiral. When these 
rings or spirals are combined with the 
cylinders above mentioned, the effects 
are again proportionably increased. 

(219.) The modes of exemplifying 
these conclusions experimentally are 
various. Thus, a wire, as shown in^^. 
127, consisting of two vertical branches, 
united above by a transverse arch, to 

Fig. 127. 






extends its influence beyond the interior 
of the circle to any distance, provided 
the straight current do not pass beyond 
the plane of the circle. The reaction of 
the straight current on the circular con- 
ductor impels the latter to revolve in the 



tie centre of which is affixed a steel 
point turning downwards, for the pur- 
pose of suspension, may be united below 
to a circular rim, which dips into a 
shallow trough of mercury, so as to en- 
able us to transmit currents through the 
wire, that will move in both the vertical 
wires in the same direction; that is, 
either upwards or downwards in both. 
If, while so suspended and connected, a 
circular current be made to act upon 
it from below, whether by means of a 
single circle, as shown in the snme 
figure, or by a spiral coil, as that of 
fig, 128, the wire will revolve round its 
axis of suspension, in a direction, det^ 
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mined by the rdative direction oT the round on an axis, A X, be lobjeded to 
Gunenl. the iction of a drcul&r current C D, the 

plane of which is wholly below it, it will 
revolve, describing a conical sur&ct:,' 
i^. 131. 




I.) A hollow cylinder, jig. 129' 
balanced in a similar manner as Iha' 
»i fig. 123, may be substituted for the 
vire; but its revolution will in general 



Bg, 130. 




* terminftted vertical current, that does 
not extend lo Iwth sides of its plane. 

(222.) The effect is the same at what- 
ever anzle the direction of the straight 
current is inclined to the plane of the 
eircular current, provided the axis on 
which it revolves be perpendicular (o 
that plane and pass through its centre. 
TlUM. il the wire AB,/^. ISl.moveabl 




(223.) Pursuing this investigation, it 
Incomes evident that a revolvin|; mo* 
lion will equdly take place, if the 
straight conQuclor be parallet to the 
plane of the circle, provided it does not 
exceed in length the radius of the circle. 
Thus, the straight conductor A B, fig. 
132, which il wholly within the circle 
C Di revolves round the axis A, in the 



not be so rapid as the wire, because, 
although ii may convey a more powerful 
current, the weight to be moved \% 
also proportionably increased. 

(33t.) The rotation of the circular or 
spiral conductor may in like manner be 
exhibited by suspending either of them 
fromapoint in the axis of the circle, as in 
tg. 130, and subjecting it to the action of 




tame Erection as the current in that 
circle, when its own current is psssii^ 
from the circumference to the centre. 
When its current passes from the centre 
to the circumference, it will revolve in a 
direction contrary to the motion of th« 
current in the circle. Oh Ihe othn 
hand, if the straight current be fixed, 
and the circle moveable round its centre, 
the action of the former will cause the 
latter to revolve in directions opposite 
to those nhich have been just stated. 

{2M.) It may be observed that we 
have limited this proposition lotheeases 
in which the current A B does not ex- 
tend beyond the circumference of the 
circle; for if it did, as seen rafig. 133. 
Ihe exterior portion A B, being atiteted 
in an O[«osite manner from tM interior 
portion B C, there would arise an op 
position among the rotatory forces ; 
and the amount ha well as direction (A 
the resulting motion would be regulated 
by Ihe ditferenoe between lh«m- Tbi# 
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Contnu-iety of effect will, on the other tenor to it, which maybe obtained by 
hand, be removed, if the straight cur- gmrounding the cylinder with a metallic 

ring of larger diameter, and making this 
ring the mediufti of communication with 
the battery, the revolution of the cylin- 
der will be made in the opposite direo* 
-^ tion to what it was before. 

$ 7, Reciprocal Action of Circular 
Currents, 

(226.) The mutual actions exerted 
between two circular currents, may 
readily be collected from the application 
of the general law of* attraction among 
those f^s in which the directions of 
the currents are similar, and of repul- 
sion where they are dissimilar. If one 
of the circles be fixed and the motion of 
the other l)e limited to revolution round 
an axis, the effects - of their mutual 
action will depend on the position- of 
the centre of the moveable circle with 
regard to the plane of the fixed circle, 
and also upon the position and inclina- 
tion of the axis with relation to the line 
joining both centres. 

(227.) If the centre of the moveable 
drcle be in the same plane with, the 
fixed circle, or not far removed from it, 
whatever be the inclination of the axis, 
a directive force will arise, tending to 
bring the whole of the circumference 
into that p»lane, and to make it assume 
such a position as that the currents in 
the adjacent portions of the circle shall 
be in the same directions. Thus C D» 
ifig*^ 13^ &°<1 136,) being the fixed. 

Fig. 135. 



rent be wholly exterior to the cirde, as 
A B, fig. 134, though still moveable 
round the same axis as before: The 
revolution will now l)e performed in a 

Fig. 134. 
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direction contrary to that of the interior 
current in the former case. The reaction 
of an exterior current on the circular 
conductor will likewise be in the oppo- 
site direction to what it was before. 

(225.) It is obvious that every thing 
that has been stated with regard ta 
straight currents, the direction of which 
is towards or from the centre of the 
circular current, applies also to a num- 
ber of radiating or converging currents. 

Hence if the cylinder,}^. 129, com- 
municating by its point with one of the 
poles of a voltaic battery, have its lower 
rim immersed in a flat dish containing 
mercury, communicating by a wire from 
its centre with the opposite pole of the 
battery, ' radiating or converging cur- 
rents will be established in the mercury, 
which, acting on the vertical currents 
existing in the sides of the cvlinder, will 
cause it to revolve. If the currents 
tending to or firom the cylinder be ex- 





Fig. 136. 





and A B the moveable circle, on the 
axis X Y, the directive force will bring 
the latter into the position £ 6, that is, 
in the same plane with C D ; and this will 
happen equally, whether the axis be at 
right angles to the line joining their 
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centres, m in flg, 135, or coincide with 
it as in flg, 136, or have any other 
inclination to it. 

228. If the centre of fhe moveable 
circle be any where in a line drawn 
through the centre of the former, and 
perpendicular to its plane, the moveable 
circle will tend to arrange itself in a 

Slane parallel to the fixed circle, and 
avin^ its currents moving in a similar 
direction. This is evident iromfig, 137, 
in which the same letters as before are 
used to denote the corresponding points. 



actions of circular currents, either or 
each other or on straight conductors 
are most advantageously made by means 
of a flat spiral rendered astatie^ by op- 
posing to it a similar coil on the oppo- 
site arm of the lever, from the middle of 
which they are both suspended, as shown 
ui flg- 138, the spiral turns being in 

Fig. 138. 







(229.) In both cases an approxi- 
mative force takes place, whenever the 
moveable cirele has arrived at its po- 
sition of equilibrium; which force, in 
the latter case, is particularly strong, 
inasmuch as the attraction of the cor* 
responding parts of the circles is uniform 
throughout the whole circumference. 

(230.) For each position of the centre 
of the moveable circle, intermediate to 
those above described, there exists a 
particular position of equilibrium, the 
&ne of which, if prolonged, would inter- 
sect the plane of the fixed circle at a 
certain distance beyond it. 

(231.) All these positions of equili- 
brium are determinate, and exclude the 
possibility of any continued rotatory or 
revolving motions. 

(232.) When an electric current, after 
traversing a certain line of conducting 
bodies, returns upon itself, so as to 
arrive at the point from which it had 
set out, or very near it, it has been de- 
nominated a closed circuit. Such is 
the case with the circles we have been 
considering. One of the most import- 
ant facts on which the theory of electro- 
dynamics rests, is that the mutual action 
of two closed circuits cannot produce, 
jn either of these circuits, a continued 
rotatory motion in an invariable direc- 
tion ; and, consequently, no assemblage 
of closed circuits can ever be made to 
produce such rotatory nwtion, in what- 
ever manner they may be disposed. 

(233.) Experiments on the mutual 



difTerent directions in each, so that the 
rotatory influence of the earth on the 
one shall be exactly balanced by its in- 
fluence on the other. 

$ 8. Mutual Action of Heliacal and 
Rectilinear Conductors. 

(234.) We have seen that the action 
of conducting wires rolled into the form 
of a flat spiral is similar almost in 
every respect to that of a simple circular 
wire; but when coiled round the sur- 
face of a cylinder, so as to constitute a 
helix, its action becomes much more 
complicated. When the extremities of 
the wire, after completing the helix, are 
made to return along the axis, as de- 
scribed in § 105, and shown in flg. 71, 
constituting what has been termed by 
Ampere an electro-d}[namic cylinder, 
the whole may be considered as e<)uiva- 
lent in effect to a succession of circles, 
whose planes are perpendicular to the 
axis, ami occupy the whole length of the 
cylinder. In determining the forces 
that are called into operation by such 
an apparatus, we may, therefore, put out 
of consideration the slight obliquity 
which the turns of the spires have to 
the axis, and the effect of which is 
completely neutrsdized by the corre- 
sponding portion of the wire that passes 
along the axis ; and we may regard the 
whole as composed of currents circu- 
lating at right angles to the length of 
the cylinder. 

(235.) Since we have seen that the 
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influence of a single circular current 
^ ^> fiS' 126, on a straight terminated 
current A B, perpendicular to the plane 
of the circle, is to induce in it a ten- 
dency to revolve with a motion parallel 
to itself, round the line drawn from the 
centre of the circle perpendicularly to 
its plane, it is evident that the addition 
of similar circles, placed in succession 
exactly below the first, (supposing the 
axis vertical, as in the figure,) will tend 
to increase this force of revolution. The 
effect of each additional circle, it is true, 
is less than the preceding, not only be- 
cause its distance is greater, but also 
because its action is more oblique, and 
because the difference between the ac- 
tions of the nearer and more remote 
portions of the circle continually di- 
minishes as the angle between the 
lines drawn from the several points in 
the straight conductor, and the centres 
of the respective circles, increases, which 
is the case as they are further removed 
from the extremity of the straight con- 
ductor. From all these considerations, 
the force by which the current A B,/^. 
139, is urged to revolve round the axis. 

Fig, 139. 
AA 



yf' 



\ 




X, in consequence of the action of the 
lowermost circle G H, is plainly less 
than that exerted by the circle F /, and 
still less than that exerted by C D 

(236.) On the other hand, if we add 
in succession a number of circular cur- 
rents ah(yoe C D, they will conspire with 
the lower circles in their effect of pro- 
ducing a tendency to revolution in the 
straight conductor; but each will do 
this only by its action on that part of 
the conductor that is above its own 
plane ; for its operation in any portion 



situated below that plane is t» produce 
a revolution in the contrary direction. 
So that the action exerted upon any 
elementary portion of a vertical current, 
at £, for example, is, as far as it depends 
upon the circles above that which is 
nearest to it, exactly balanced by an 
equal number of circles below it ; that 
is, the circles lying between C and e are 
counterbalanced bv those lying between 
e and F, the whole of thiU portion of 
the cylinder between C and F being 
neutralised; and the only portion that 
is active being that whicn lies beyond 
F, that is, between F and G. This 
active part of the cylinder becomes 
smaller in proportion as the element is 
situated nearer to the plane which di- 
vides the cylinder into two equal parts ; 
and at this point the action is reduced 
to nothing: on the contrary, it increases 
as the element comes nearer to either 
extremity of the cylinder, where it is the 
greatest of all. These extremities may 
accordingly be considered as the active 
poles of the cylinder, round which the 
revolution of the conductor is made: 
the resultant of all the forces called into 
action by .every part of the cylinder has 
the direction of the tangent of the circle 
of revolution ; that is to say, is at right 
angles to the line joining the straight 
conductor and the pole. 

(237.) It is hardly necessary to re- 
mark that the action in this, as in 
every other instance, is reciprocal be- 
tween the straight conductor and elec- 
tro-dynamic cylinder; so that if the 
conductor be fixed and the cylinder 
moveable, the latter will revolve round 
the former ; or, if restricted to a motion 
round its own axis, it will perform a 
rotatory movement round that axis. 

(238.) The same tendency to revolu- 
tion about the poles of an electro-dynamic 
cylinder, arising from a force of. a tan- 
gential kind, apparently emanating from 
these poles, is observed to take place,^ 
whatever be the angle of inclination 
between the straight conductor and the 
axis of the cylinder. In order to ex- 
plain this cunous fact, the application 
of which is of considerable importance 
in a theoretical point of view, we must 
avail ourselves of the principle enun- 
ciated above (J 198), namely, that the 
electro-dynamic action of currents that 
occupy in a similar manner two different 
surfaces, subtending the same angular 
extent, and lying in the same direction 
with reference to any point, on an ele- 
mentary portion of current situated at 
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tMt point, are equal. It will also be 
convenient to analyze the actions of 
each circular current into those exerted 
in planes at right angles to each other, 
a mode of viewing them which, being 
analogous to the artifice of the re- 
solution of forces constantly resorted 
to in dynamics, will make no dif- 
ference in the results. Conceive, then, 
that the currents, instead of moving 
in the circumference of a circle, tra- 
verse the four sides of a Square, and 
that the cylinder is represented by a 
square prism. S N, fig, 140, is in- 
tended to convey the idea of a prism, 
80 constituted, the surface of which is 

Fig. HO. 




occupied by electric currents circulating 
round each of the laminae, into which it 
may be divided by planes perpendicular 
to its axis, the direction of the currents 
being marked in the two sides which 
come into view, by the arrows. On the 
sides opposite to them, and which are 
not seen, the currents are, of course, 
moving in the contrary directions. 

(239.) Let us now examine the effects 
of currents in each side upon a straight 
conductor, whose direction is at right 
angles to the axis, and which is placed 
in various positions with regard to the 
prism. 

Let P Q R S, fig, 141. be the upper 
surface of this prism, its axis bemg 
horizontal ; let W be the section of a 
vertical conducting wire, of indefinite 




tdge 18 R S, and returning on the lower 
side in a direction from R S towards 

Since the currents are passing in op- 
posite directions in the upper and lower 
surfaces of the prism, their effects on W 
(as far as any horizontal motion is con- 
cerned) are completely neutralized ; and 
we need, therefore, only examine the ac- 
tions ofthe vertical surfaces P Q and R S. 
Let R W and S W be the sections of two 
vertical planes, drawn from W to R and 
to S, cutting P Q in U and V respectively. 
It follows from the proposition above 
referred to that the actions of the cur- 
rents in that portion of the surface P Q, 
adjacent to W, which is included be- 
tween U and V, are exactly balanced 
by the currents in the whole of the sur- 
face R S, opposite to it, and which run 
in contrary directions. The resulting 
action, therefore, will l)e determmed 
only by the currents in the remaining 
portions of the surface P Q, situated 
between P and U on the one side, and 
between V and Q on the other, both of 
which attract the current in W: the 
former in the direction of W », the lat- 
ter in the direction W v. These two 
forces combine in giving a resultant in 
the direction W r, indicating an attrac- 
tion towards the centre of the prism. 

(240.) In proportion as the situation 
of the vertical conductor is taken nearer 
to either of the extremities of the prism, 
such as Q S, for instance, the portion 
P U of the side P Q, intercepted between 
the plane RW and the extremity P, 
increases in extent, while the portion 
VQ diminishes. Consequently the forces 
arising from the attractions ofthe former 
portion are proportionally increased, and 
those from the latter diminished, and the 
resulting force gradually becomes more 
inclined towards P. 

(241.) When W is situated in the 
plane of the side Q S, as vafig, 142, the 
force arising from the currents adjoining 

Fig, 142. 



length, perpendicular to the plane of the 
figure ; and let the current be moving in 
this wire in the same direction as those 
currents which traverse the adjacent ver- 
tical side ofthe prism, of which the upper 
edge is P Q. We shall suppose, for exam- 
ple, that the currents are ascending in the 
wire, and also in the side adjacent to it, 
whence they traverse the upper side 
firom P Q towards R S (as denoted by 
the arrows), descending again on the 
side opposite to W, and of which the 




to Q vanishes entirely, and the action 
upon the wire depends solely upon the 
currents in the remoter division of the 
side PQ, namely, that comprehended 
l)etween P and U. The resultant force 
will therefore be directed towards these 
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currents, being nearly at right angles to 
the line W Q. 

(242.) When V^ is situated on the 
other side of this line, as shown in^Sig*. 
143, the extent of the active portion of 
the surface PQ has increased consi- 
derably, for it now occupies the large 
space P U ; but its power has not in- 
creased in the same proportion, because 

Fig. 143. 



of the line Q S,^. 146, the currents 
between P and Q being neutralized by 

Fig, 146. 





its action is more oblique, as well as 
more distant than it was before. The 
resultant of this action is in the direc- 
tion W II. It is combined, however, 
with another set of forces, those arising 
from the uncompensated portion V S, of 
the surface R S, situated between S and 
the vertical plane W Q V. The cur- 
rents in this portion are moving in a 
direction contrary to that in W : their 
action upon it is therefore repulsive, and 
the force thence arising may be repre- 
sented by W V, which, combined with 
W M, gives, as a final resultant, the force 
Wr. 

(243.) When W is placed in the pro- 
longation of the axis of the prism, as in 
fig. 144, it is attracted by the whole of 
the currents in the side P Q, and re- 
pelled by the whole of those in R S, 



those between V and S, the only active 
currents are those between R and V, 
which being repulsive, the resultant is 
in the direction W r. 

(246.) When the situation of W is as 
shown in fig. 147, the active portions of 
the currents are those occupying the 
spaces R U and V S, which being both 
repulsive, and acting according to the 
directions Ww and Wr respectively, 
join in producing the resultant W r. 

Fig. 147. 
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(247.) Thus it appears that, combining 
all the results of tnis induction, the con- 
ducting wire is, in every situation, urged 
by a force impelling it m the direction of 
a tangent to the circumference of a cir- 
cle, 0, fig, 148, round the extremity of 
the prism, P, which may therefore be 
considered as having the functions of 

Fig. 148. 



the former giving rise to the force Ww, 
the latter to the force W v, their result- 
ant being W r. 

(244.) When W is in the situation 
represented in fig, 145, the current* 
situated between V and S are neutra- 
lized by those between P and U. Those 

Fig, 145. 





between R and V repel W in the direc- 
tion of W r, while those between U and 
(3 attract it in the direction W w, forces 
which produce the resultant W r. 
(«46.) When W is in the prolongation 



a pole. The forc« thus arising pos- 
sesses the same character of being rota- 
tory and tangential as that which was 
exerted on the same wire when its direc- 
tion was parallel to the axis : and if it 
possess this character in two directions 
that are at right angles to each other, it 
may fairly be inferred that the law is 
general, and that it applies to all the 
intermediate inclinations. 

(248.) The explanation above given 
will be sufficient to convey a general 
idea of the application of the theory to 
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the phenomenon in question. But the respect by the relati?e position of the 

subject has been investigated with all the axis of the C3rlinder. 
rigour of mathematical analysis, and the iv. The action of this cylinder upon 

results determined with all the precision conductors, of whatever form or magni- 

that can be rec^uired for comparison tude, is subject to the same conditions, 

with actual experiment. We have pur- being dependent solely upon the posi- 

posely omitted several of the minuter tion of that extremity, which is referred 

details which were even compatible with to the conductor, and remains the same 

the popular view we have presented, but whatever be the direction of the axis of 

which would have required more com- the cylinder *. 

plicated diagrams for their exi)osition, (250.) The conclusions thus deduced 
and considerably lengthened the inquiiy, from the evidence of observation, com- 
but which have no material influence on bined with the deductions from theory, 
the ultimate conclusions. Thus, if the indicate the strongest analogy, and 
straight conductor, instead of being almost perfect identit}^, between the 
indefinite in length, were terminated, agency of electro-dynamic cylinders and 
and wholly above the horizontal prism, that of magnets. The law of their ac- 
it would be found that there is no longer tion upon an electric current, and of the 
that exact compensation between the reaction of the latter upon both, is pre- 
currents in the upper and lower surfaces ; cisely the same ; so much so, that if we 
for when the conductor is immediately had the command of sufficiently power- 
above the prism, the upper currents ful currents, the electro-dynamic cylin* 
have a much more considerable influ* der might be substituted for the mag» 
ence on it than the lower currents, and net in all the experiments we have de* 
urge it on its revolution in the same seribed in the last Chapter, and the 
direction as that in which it was moving same results, whether of attraction, re- 
from the effect of the other forces in pulsion, or revolution, would be obtained 
operation. At the remotest part of the from thenu The two extremities of an 
circle, the lower currents come more into electro-dynamic cylinder exhibit aH the 
operation from their acting with less properties possessed by the poles of a 
obliquity than the upper currents, and magnet : that end in which the current 
concur, in theiir turn, in augmenting the of positive electricity is moving in a 
tendency to revolution in the same di- direction similar to the movements of 
rection. the hands of a watch, acting as the 

(249.) The following laws are ob- sotith pole of a common magnet ; and 

tained as the results of the mathema* the other end, in which the current is 

tical investigation of the subject:— moving in a contrary manner, manifest- 

i. The action of a very slender electro- ing a northern polarity. 
dynamic cylinder upon an elementary (251.) It will be readily anticipated, 

portion of a current may be resolved from the known resemblance between 

into two forces, acting in directions per- the action of electro-dynamieal cylin* 

pendicular to the direction of the cur- ders and of magnets on electric currents^ 

rent, and also respectively perpendicu- that \^o such cylinders will act upon 

l&r to the lines drawn from it to each of each other precisely in the same way 

the extremities of the axis of the cylin- as magnets do. Theory confirms the 

der ; each of these forces being inversely exactness of this general conclusion ; for 

as the squares of these distances. the following is the law to which mathe- 

ii. The action of an electro-dynamic matical examination conducts us, namely, 
cylinder upon an indefinite conductor, that the mutual action of two electro- 
perpendicular to its axis, may, in like dynamic (flinders may always be repre- 
manner, be reduced to two tangenti^ sented bj^ four forces, having the direc- 
forces, as in the former case ; but these tions of fines drawn from each extremity 
forces are in the simple inverse ratio of of the one to both extremities of the 
the distances from the extremities of the other, and being to one another in the 
cylinder. reciprocal ratio of the squares of these 

iii. If the length of the electro-dynamic lines, provided these distances be not 

cylinder be supposea to be indefinite, its exceedingly small t* 

action upon an elementary portion of a : — - — . ,.^, : — *;; : — : 

current wiU llepend enti«f upon the u,L'^^,"3^i^[7.^'D:Sr^P^Jir:^. 

relative positions of the element, and d'ElectriciteDyDamiqaa:orCamming*8Tnuulatioii, 

ttt'J^S^ "^ ^^ cyMnder to which ^'i'i^iii^iS^tio^.r.^ BU^j^ 

It is referred, and is influenced in no miqaet^lke. p.348. 
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(25*2.) The mutual action of electro- 
dynamic cylinders on ma^ets is the 
same as that of two magnets on each 
other, so that in any experiment the one 
may he substituted for the other without 
affecting the nature of the result. 

Chapter XXL 
Theories of Electro- Magnetismm 

$ I . Electro- Magnetic Theory of Oersted, 

(253.) Thb discovery of the remark- 
able phenomena of electro-magnetism 
naturally gave rise to the invention of 
a variety of hypotheses for their expla- 
nation. Adopting the theory which 
ascribes the electric phenomena to the 
agency of two fluids, composing by their 
union a neutral fluid, and exhibiting 
their peculiar powers when that, union 
is decomposed, and when they are ob- 
tained separately. Professor Oersted 
conceived that a distinct class of effects 
resulted during the act of their reunion ; 
which was marked, not only by mecha- 
nical agitations amon^ the particles of 
bodies, by the production of sound, by 
the evolution of light, and by the dis- 
engagement of heat, but also by the 
disturbance of the magnetic equilibnum. 
These phenomena seemed to indicate 
the occurrence of great and sudden 
changes taking place in the conditions 
of two powerful agents at the moment 
of their coalescence, and suggested to 
Oersted the idea that something ana- 
logous to a shock takes place when the 
fluids rush together from a distance. 
During galvanic action, the separation of 
the two electric fluids, proceeding with- 
out intermission in one part of the ap- 
paratus, and their reunion being in like 
manner effected in perpetual sequence 
along the conducting bodies which com- 
plete the circuit, he conceived that a 
continued series of electric shocks took 
place throughout the whole line of con- 
ductors ; a condition which he expressed 
by the term Electric Conflict. 

(254.) If these views be correct, it 
must follow that the electric fluids, 
which, whether at rest or in motion, 
have, when isolated, no apparent in- 
fluence on magnetic bodies, acquire, 
during their conflict, the power of af- 
fecting these bodies. This hypothesis 
was expressed by Oersted in the follow- 
ing words : " The electric conflict acts 
only on the magnetic particles of matter. 
All non-magnetic bodies appear pene- 
tl^ble by tne electriie conflict, while 



magnetic bodies, or rather their mag- 
netic particles, resist the passage of this 
conflict. Hence they can be moved by 
the impet s of the contending powers. 
It is sufficiently evident that the electric 
conflict is not confined to the conductor, 
but dispersed pretty widely in the cir- 
cumjacent space. 

" We may likewise collect that this 
conflict performs circles; for without 
this CO dition, it seems impossible that 
one part of the uniting wire, when placed 
below the magnetic pole, should drive 
it towards the east, and when placed 
above it, towards the west — (see § 13, 
figs, I and 2) : for it is the nature of a 
circle that the motions in opposite parts 
should have an opposite direction. Be- 
sides, a motion in circles, joined with a 
progressive motion, according to the 
len^h of the conductor, ought to form 
a conchoidal or spiral line ; but this, 
unless I am mistaken, contributes no- 
thing to explain the phenomena hitherto 
observed. 

" All the effects of the north pole 
are easily understood by supposing that 
magnetic electricity moves in a spiral 
line bent towards the right, and propels 
the north pole, but does not act on the 
south pole. The effects on the south 
pole are explained in a similar manner, 
if we ascribe to positive electricity a 
contrary motion and power of acting 
on the south pole, but not upon the 
north*.'' 

(255.) The views entertained by Oer- 
sted were very generally adopted by 
philosophers who prosecuted the path 
of discovery he had laid open. It was 
the prevailing belief that electricity in 
motion had magnetic properties, or 
rather that it imparted to the body that 
conducted it a species of transverse 
magnetism. Some conceived that the 
action resembled that of a series of 
magnets placed around the axis of the 
conductor, at right angles to each other, 
their poles being situated in four lines 
parallel to the axis, and forming a 
square, as represented vajig, 149, which 

Fig, 149. 
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exhibits a section of the conducting 

wire, and four magnets with their poles 
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marked ft, #> refpectively, succeeding (257.) But there Is still qne ebst of 
each other in a regular order of alter- phenomena which the hjrpothesis w^ 
nation round the wire. But this hypo- are considering is totally inadequate to 
thesis cannot be a faithful representa- explain ; that comprising the rotatoiy 
tion of the phenomena ; for it is found movements either of magnets or of com- 
on experiment that the action of the ductors^ and which moyements may be 
oonducting wire upon a magnetized maint^ned with uniform velocity not- 
needle is exactly the same in every part withstanding the retardation from tric- 
of its circumference. If the wire be tion, or the impediments of a resisting 
vertical, for instance, its effect is the medium ; exhibiting, in fact, the extra- 
same in all azimuths, and has no rela- ordinary spectacle of a really peri)etual 
tion to any rectangular planes passing motion. The supposition of a series of 
through the axis of the wire. magnets encircling the conducting wire 

(256.) With this correction, the hypo- will not account for this continued mo- 
thesis that a conducting wire acts as if tion ; for it is certain that no actual 
a series of minute ma^ets were placed combination of magnets, nor even any 
in succession round its circumference, conceivable arrangement of magnetic 
with their opposite poles facing each particles, could ever, consistently with 
other, will account for a large class of the known laws of magnetic action* 
phenomena. It exp^lains why a com- produce any approach to perpetual re- 
pass needle assumes its peculiar position tation. In order to obtain such move- 
at right angles to the axis of the wire, ments, the agent from which the force 
in obedience to the directive influence of emanates must itself be in motion, and 
that particular portion of the imaginary must revolve round the axis of the wire; 
series of magnets which is the nearest to while travershig it from end to end, with 
the needle, see^. 150; and also the the utmost rapidity. Sudi was the pe- 
mutual attraction between the needle culiar kind of movement, partly longitu- 
dinal, and partly circular, whk^hDr. WoU 
laston attnbuted to the electro-magnetic 
a^nt, and which he termed its verti" 
gtnous motion, 

(258.) A further emendation must, 
therefore, be made in the hypothesis in 
order to adapt it to the phenomena* by 
supposing that the two magnetic fluids, 
N which accompany the electric fluids, 
J ., .~ '", *u ^ . s. when the latter are set in motion, and in 

and the wire under these circumstances estate of conflict, (if we choose t<^ adopt 
It also explains the other fundamental the phmseology of Oersted,) acquire a 
fact m the science; namely, the mutual vertiginous niotion in opposite diiec- 
actions exerted between two conducting tionrtransversely to the t^oi the con- 
wir^ : for when the cuirents are passing ^^^^^ ^^at is, the boreal fluid revolving 
m the same direction in both the wires i„ ^ne direction, and the austral fluid 
as m A and B. ^. 151. the polarities j^ the other; these determinations being 
I^' 151. given to them by the direction in which 

A ^ J^ ^ 5" ^ *^® electric fluids are moving in the 

**^B^^ *^^a\' J'/c^^* conductor, dependent, of course, upoa 
'l fi^ T r 1^ ''I I** <d I* ^^^ relative positions of the poles of the 
Ji J U ™ J If 1/^ voltaic apparatus from which they pro- 

rfV ^'^ *V ^y^* ^V^ /-^ ceed. Tnere will result from this pecu- 
^ < ^ .f > <^ liar tind of movement, not only all the 

of the minute magnets on the sides adja- effects that we have just seen to be the 
cent to one another will be reversed, and consequence of quiescent circles of 
they will consequently attract one an- magnets, but also those of a rotatoiy 
other. The contrary will happen when nature, which nothing but an agent in 
the currents are passing in opposite motion could produce. The tangential 
directions in the two wires, as in A and action of a conductor upon a magnet is 
C ; for then the polarities of the ma^- a necessary consequence of the trans- 
nets belonging to each, which are ad- verse motions of the magnetic fluids in 
joining to each other, are the same in the conductor ; and the rotation of a 
kind, and, tberefore, repulsive of each magnetic pole round that conductor, or 
other. conversely, the revolutions of the coi^ 
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factor round a mai^et, are phenomena 
also naturally resulting from the verti- 
ginous circulation of the two fluids. 

(259.) The mutual attractions and re- 
pulsions of parallel conductors> are at 
once referred, as in the former case, to 
the action of parallel magnets having 
their poles in the same or in opposite 
directions. If, for example, the electro- 
magnetic current be movmg in the same 
direction in two parallel conducting 
wires, the stream of austral magnetic 
fluid belonging to one wire will be flow- 
ing in the same direction as the boreal 
magnetic fluid belonging to the other 
wire, in that part which is adjacent to 
it ; and, on the other hand, the direction 
of the boreal fluid of the former will co- 
incide with that of the austral fluid of 
the latter wire, in the adjacent part. 
According to the known laws of mag- 
netic action, attraction must be the 
result of such a state of things ; for the 
boreal and austral fluids attract one an- 
other. If W and w, fi^, 152, represent 
sections of the conductmg wires m both 
of which the current of positive elec- 
tricity is descending, the arrows in the 
circumference of the outer dotted circles 

Fig. 152. 




A A, will point out the directions in 
which the austral magnetic fluids cir- 
culate on the surface of the wires ; and 
those on the inner circles B B, the di- 
rections in which the boreal fluids cir- 
culate, and it will be seen that in the 
parts p and g, when they are nearest to 
each other, the austral fluid in the one 
is moving in the same direction as the 
boreal fluid in the other, and we may, 
therefore, expect that they will attract 
each other. 

(260.) If the electric currents be 
moving in contrary directions in the 
two wires, as represented in a similar 
manner mfig* 153, opposite eflects will 

Fig, 153. 
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result ; for in that case both the streams 
of austral fluid are moving in the same 
direction in the adjacent parts of the 
wires, and must consequently repel one 
another; and the same thing happens 
with reffard to the streams of boreal 
fluid, which flow in the contrary direc- 
tion to those of the austral fluid. 

(26 L) Such, then, is the hypothesis 
that has been, after proper emendations, 
made to correspond with the pheno- 
mena, and which may be assumed as a 
correct representation of 1 hem. It must, 
at the same time, be admitted to be an 
exceedingly strained and artificial hy- 
pothesis, at variance with the analogy 
of all other physical forces, and repug- 
nant to our ideas of that simplicity 
which seems to pervade all the opera- 
tions of the material world. All other 
known accelerating forces, emanating 
from a certain point, and exerted upon 
another point, act in the direction of the 
line joining these two points. Such is 
the case with the electric and with the 
magnetic actions, in all the cases that 
belong exclusively to the one or the 
other of these two classes of phenomena. 
When two conducting wir«s, bent into 
helices, act upon one another, which 
they do in a manner that imitates 
very exactly the mutual action of two 
magnets, the action is purely electri- 
cal, and is exerted in the lines of di- 
rection that join the acting points. 
The same is the case with two magnets, 
when magnetism alone is concerned. 
But when a helix and a magnet act 
upon one another, and present the very 
same phenomena as in either of the pre- 
ceding cases, the theory assigns a tan- 
gentiS direction to the forces then called 
into operation. That a mode of action 
which is simple and intelligible in the 
case of actions either purely electric or 
purely magnetic, should be so suddenly 
and so completely changed when the 
electric and magnetic fluids act mutu- 
ally upon one another, would be a 
strange and scarcely conceivable ano- 
maly in physical science. 

(262.) We may avoid all these diffi- 
culties by adopting the theory of electro- 
magnetism devised by the genius of 
Ampere, and ably supported by his 
mathematical, in conjunction with his 
experimental researches. Of this theory 
we shall proceed to give an account. 

$ 2. Electro-Dynamic Theory of 
Ampere. 

(263.) The phenomena relating to the 

G 
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sdenoe of eteetro-magneHim may, as we inenta detached from a magnetie bar an 

have seen, be reduced to three classes, themselves complete magnets, the elee- 

or general facts : the first being the evo- trie currents, fh>m which it derives its 

lution of a tangential and rotatory force properties, must be conceived as eircu- 

usually exerted between a conducting lating round each of these fragments 

body and a magnet; the second, the separately, or rather round particles 

transverse induction of magnetism by smaller than any that can be obtained 

the former in such bodies as are suscep- by mechanical division. Each particle, 

tible of receiving it ; and the third, the or magnetic element, may be regarded 

attractive or repulsive force exerted be- as constituting a voltaic circuit, analo- 

tween two electric currents traversing gous to a voltaic pile of which the two 

different conductors. In the magnetic ends are united by conductors ; the 

theory already discussed, the first of vitreous and the resinous electric fluids 

these is considered as being the most being separated at one point of the eir- 

general fact, and the other two as being cuit, circulating in contrary directions 

merely its consequences. Ampdre, on round the particle, until they meet tc^fr 

the contrary, assumes the last of these ther, and by their reunion again forming 

facts— that is, the mutual attractions and the neutral fluid. The course of the 

repulsions of electric currents, as the fluids during this circulation is refHre- 

pnmary or fundamental fact, to which, sented in j^. 154 ; V and R denoting 

i)y the help of a particular hypothesis respectively the paths of the vitreous 

as to the constitution of magnets, all and resinous electricities emanating from 

the other facts, not only of electro-ma^ the point £ in the particle of iron P, 

netism, but of magnetism also, are and flowing in the durections indicated 

reducible. jWa*. 154. 

(264.) His supposition is, that all ^ 

foodies that possess magnetic properties, /^"^^^Z^ 

the globe of the earth being included V / ^^^^ \^ 

among the number, derive those proper- J [ ^^^B ) I 

ties from currents of electricity continu- \ \ ^^^af J r 

allycirculating among the parts of whieh \^^^/ 
Ihey are composed, and having, with re- 

lation to the axes of these bodies, one by the arrows, till they meet and coa- 

uniform direction of revolution, in planes lesce on the opposite side. . But as the 

perpendicular to those axes. effects of the one fluid are exactly the 

(265.) The striking resemblance whioh reverse of those of the other, the result 

exists between the action of ma^ets, is equivalent to the continued circula- 

and tljat of electro-dynamic cylinders tion of one of the fluids, the vitreous, 

already described, and which extends for example, in one constant direction, 

through a wide range of phenomena, EV PR. 

very naturally suggested the hypothesis (267.) A magnet, then, is to be con- 
on which this theory is founded ; for sidered as composed of an assemblage of 
since the circular currents in the latter parallel filaments, each of which is con- 
are observed to produce effects similar stituted by a series of particles, round 
to magnetic polarity, it is but an exten- which electric currents are circulating in 
sion of the analogy to consider a magnet the manner just described, all of them 
as deriving its properties from similar flowing in the same direction with re- 
currents continually circulating in its ference to the axis of the filament, and 
substance. moving in planes perpendicular to that 

(266.) In the account we have given axis. That extremity of the filament in 

of magnetism it will be seen that the which, when uppermost, the current of 

phenomena attending the fi^cture of a positive electricity is moving in a direc- 

magnet oblige us to consider magnet- tion similar to that of the hands of a 

ized iron as an aggregate of small par- watch (the dial of which is also upper^ 

tides of iron, each of which has the pro- most), has the properties of a south 

perties of a separate magnet (see Mao- magnetic pole, and vice versd. If the 

HETisM, $ 141). In like manner, the filament be placed horizontally, its north 

hypothesis just stated, relative to the pole pointing to the north, then the cur- 

circulation of electric currents in the rents on the western side are ascending, 

substance of a magnet, must receive a pass from west to east in the upper sur- 

similar modification to that given to the face, descend on the eastern side, and 

theory of magnetism* Since the frag- return from east to west in the lower 
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pari ¥his is shown iti J^, 155, which 
represents one of these elementary Mag- 
netic filaments, the eastern sidie b^ing 
presented to the spectator. 




<268.) These enrrents which exist in 
«aeh particle of a magnet, may there- 
fore be considered as constituting closed 
circuits (see § 232)^ the effects of which 
on all bodies exterior to the circuit will 
depend on the difference between the ac- 
tions of the nearest and the most remote 
parts of the circle described by the cur- 
rent The united effects of a great num« 
ber of these circular currents will almost 
entirely dt^nd on those parts of the 
current which occupy the exterior sar- 
face of the mass. 

(269.) Thusi supposing the magnet 
to be cylindrical in its sbape^ and its 
section shown in fig* 156, to consist of 
the sections of each of its component fila- 
ments a, bi Ci d, &c., and round each of 

Fig. 156. 




stitute an elftct dditt);>iirison between the 
action of A tnaghet, and that of an artifi*- 
cial assemblage of electric currents simi- 
lar to that which is supposed by thie 
theory to exist in the magnet, our imi- 
tation must be made by collectitig toge- 
ther a great number of similar helices, 
in parallel directions, and uniting them 
in one niass. Sucli an arrangement is 
called by Ampere un Electro dynamic 
Solenoid*. 

(*i71.) The tendencies which a magnet 
ana conducting Wirehftve to place them- 
selves in positions at right angles to 
one another* was deduced from the elec- 
tro-magnetic theory as a consequence 
of the supposed ti^nsverse situation of 
ttiagn^ic fluids k'esultitig from the elec- 
tric cotiflict — that isy accompanying the 
tiioyements of the electric fluids, lii 
Ampere's theor^^ the. transverse direc- 
tioh of the tuition is ascribed to the 
transv6r8<3 movements of the electric 
currents in the inagnet itself, which act 
upoii the Current ih the conductor, and 
are also acted upon by that current, and 
tend constantly to establish a parallelism 
between theiUk l*hUs, since the currents 
in the magnet N S, Jig. 157, move in 
planes pernendiCular to the axis of the 
magnet, their lictioh, being in Uiose 
planes, i6 transverse to the axis, and 
lends to bring a straight ebnductin^ 



which electric currents are circulating in 
the directions indicated by the arrows, it 
is evident that the enrrents of all the 
interior parts will nearly, if not exaetl]^, 
compensate one another, and that their 
action will be neutralized. But the cur- 
rents that pass near the circumference 
are differently circumstanced, inasmuch 
as they are not compensated by any 
others; and their action is, therefore, 
fully exerted on the bodies that are near 
them, and is equivalent to that of a 
single circular current flowing uniformly 
round the circumference, p, p, />, of a 
circumscribing circle, in the same direc- 
tion. Hence, in estimating the effect! 
of the whole assemblage, we may con- 
fine our attention to that of a superficial 
current. 
(270.) It is obvious that in order toin- 




wire, P(i, into the transvelrsje Jjositiott 
represented iw the figure, in which the 
direction ^ tlt^ current of the conduc- 
tor is parallel to that of the current in 
the nearest pail of the magnet. On the 
other hand, if the wire be fixed, and the 
magnet moveable, the forces will tend 
to bring the plane of that current, which 
occupies the middle of the miagnet, into 
such a position as may include the 
straight conductor ; and as the axis of 
the magnet is perpendicular to that 
plane, so also must it be at right angles 

* Theorie des Fb^ftomte«s EltBarMnAtoii^Uli 
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to the wire which acts upon it. When 
the magnet and wire have attained this 
relative position, it is evident that, since 
the adjacent currents move in the same 
direction in both, an attraction will take 
place between them. All this» as we 
have seen, is in perfect accordance with 
the observed phenomena. 

(272.) It is unnecessary to pursue 
the application of this theory to the 
endless variety of cases of the mutual 
actions of magnets and conducting 
bodies, because, having already fully 
gone into the details of the explanation 
which is afforded of these facts by the 
principle of a tangential force ema- 
nating from both these agents, it will 
necessarily follow that they are all 
ec^ually explicable on the elc^ro-dyna- 
mic theory, if it be once proved that 
the basis of the former theory, namely 
the tangential force, is itself a direct 
consequence of the latter. Now this 
has already been established experi- 
mentally by the phenomena exhibited 
by the helices and electro-dynamic cy- 
linders described in a former Chapter, 
§ 107, and the same has also been de- 
duced from theory, according to what 
was stated in $ 249. It has been shown 
that the same tangential force results 
from the heliacal disposition of the cur- 
rent, whatever be the position of the 
axis of the helix relatively to the con- 
ductor on which it acts. We are war- 
ranted, therefore, in transferring this 
conclusion to the action of the circular 
currents assumed as existing in mag- 
nets, and as being the sole source of 
their activity. , 

(273.) Guided by these principles, 
we find no difficulty in explaining the 
phenomena of revolving motions so 
fre()uently resulting from the mutual 
actions of magnets and conducting 
wires ; and which take place in exactly 
the same manner when helices or elec- 
tro-dynamic cylinders are substituted 
for the magnets. It is instructive, how- 
ever, to examine the particular cases 
we have already given in exemplification 
of the rotatory tendency arising from a 
tangential force, by applying to them 
the more general principles of electro- 
dj^namic action. In many instances it 
will be found that the rotatory motions, 
although in part produced by the action 
of the currents in the magnet upon the 
current in the straight wire, are also in 
a still greater extent dependant on the 
influence of those portions of the cur- 
fent that traverse the mercury into' 



which the conducting \^re8 or the mag^ 
nets are immersed. 

(274.) This is exemplified in the fol- 
lowing arrangement rei^resented in flg, 
158, where the Dent wire, proceeding 

Fig. 158. 




from the positive cup P, terminates in a 
steel point that is made to dip into the 
surface of a quantity of mercury con- 
tained in the vessel A B, in the centre 
of which a magnet, M, is kept floating 
in a perpendicular position by being 
loaded with a weight of platina at the 
lower end. A ring of copper is placed 
on the surface of the mercurjr, from the 
side of which proceeds a wire, which 
terminates in the cap N. The electric 
current, in passing from the steel point 
to the ring of copper, traverses the mer- 
cury, radiating from that point as from 
a centre, and consequently giving a 
revolving tendency to the currents in 
the magnet below them. The magnet, 
under these circumstances, revolves on 
its axis. A similar effect, but in a con- 
trary direction, takes place when the 
course of the electric stream is reversed, 
and is made to traverse the mercury 
from the copper ring towards the steel 
point, producing converging instead of 
diverging currents. The explanation of 
these phenomena is obvious, from what 
has been said in $ 203, 204. For let M 
in Jig. 159, be one of the currents at the 

Fig. 159. 
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upper end of the magnet, and C D one 
of the diverging: currents ; the action of 
the portion ED will be to produce a 
revolving motion of the magnet in tiio 
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direclion m E M, bccauie the current to obtain (he revolution of a magtMt 

in m is attracted, and that in M repelled round its own axis, either by the action 

b^ (he current in B D. of other maf^eti, or by that of an 

(275.) If the point P were inserted, electric current, which fraverses neither 
not, as before, in the centre of the fluid the magnet, nor a. body that is so &xeA 
sbove the msE^et, but to one aide of it, to it as to move alon^ with it. This ii 
(he action of the currents would be a direct consequence of (tie law derived 
more complicated, some being attrac- from the electro-dynamic theory, that 
live and others repulsive, according to the mutual action of two closed circuits 
their situations relative to the magnet, cannot produce in one of these circuits 
The resultant force will tie one at right a. continued rotatory motion in one con- 
angles to the line joining the centre of stant direction ; for it is evident that if 
radiation with the axis of the masnet, this be true with regard to two single 
and the effect of this force will be a. currents, it must also be true with re- 
motion of translation of the whole mag- gard (o any assemblages of such closed 
net ; that is, of revolution round a line currents, in vihatever way they may be 
parallel to its axis, and exterior to its arranged. The utmost that can result 
surface. is a tendency in one of them, if move- 

(276.) The presence of transverse able, to assume a fixed position of equi- 

Gurrents in evtry part of the surfaces of librium ; if, therefore, the system be so 

magnets is well illustrated by their con- constituted that it can only revolve 

joined inttuence, when a numl^r of round an axis, about which the circuits 

magnets are placed horiiontally, as in composing it are symmetrically ar- 

/g. 1 60, like the spokes of a wheel, with ranged, it will acquire no motion what- 



(heir similar poles turned towards the 
Pig. 160. 




by the action either of a, single 
closed circuit, or of an assemblage of 
•uch circuits. A magnet susceptible o( 
no other raolion than rotation round its 
axis is in this condition ; and hence, if It 
derive its magnetic properties from elec- 
trical currents, it must be impossible to 
produce in it such a rotation by the 
action of other magnets. 

(879.) On the other hand, a detached 
portion of a voltaic circuit moveable on 
an axis that coincides with that of a mag* 
net may be act in motion, and made to 
revolve by the action of the closed cur- 
rents, in the magnet itself. Thus let 
V t>. Jig. 161, represent a section of a 
voltaic [Hie, with its positive and nega- 

centre C. In tills situation all the cur- Fig. 161. 

rents on the upper sides of the magnets 

are passing in the same direction with 

reference to the circumference of circles 

described from the centre C. They will 

therefore produce continued rotation in 

a vertical conductor, whose axis pastes 

through that centre, but is terminated — | 

that 19, does not extend beyond that 

side of the plane in which the magnets 
situated. 
.27; 

nical arrangement of the parts of an ^ 
electro -magnetic apparatus can give 

rise to rotatory movements, unless fluid five wire 

conductors form some part of the voltaic two poles 

circuit ; and accordingly no attempt to and N r , 

obtain practically such movements has placed at the top of an archofwue, u. 

ever be^ successful. which the two branches descend on each 

(278.) It is, accordingly, impoauble ude, and terminate under the surfree of 



, W, If, proceeding from its 
, and inserted into the cups P 
Bspcctively ; the former being 
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a quMiti|v d meveuiy, oontaintd in the terbal«ioe4 tbe equal and opposite aetio« 
Te!S9e1» ano »een ia seotion; and the of the remainder of the circuit, that 
Utter baing at the end of a wire pro- equilibrium can no longer subsist, when 
needing froni the lower part of the this portion is removed, and the remain- 
vessel, and in eontact with the mercury ; der of the currept becoming effectives 
while a ma^et is made to float in an will produce a rotation of the ma^et on 
upright position in the axis of the vessel, its own axis. The direction of this rota* 
by a weight of platina fixed to its lower tion will be the same as that of the 
end. T^ magnet, it will be seen, beiqg descending wires ; hence the magnet 
unconnected with the wires, forms no may be connected with these wires, 
part of the voltaic circuit, and remains without altering the nature of the action, 
unmoved by it; yet it excites move- as in the experiment of Mr. Faraday, 
meats in the conductors which surround described in i 76. 
its upper portion. For since, in the (28 K) It follows, also, from the prin- 
parts C and B, the currents of the wires ciples of Ampere's theory, that when 
are approaching those of the magnet, the moveable portion of the circuit 
they will be impelled (see § 20Q> to turn which is attached to the magnet has 
round it in a (firection opposite to that both its extremities in the axis, no mo- 
of the currents in the magnet : a reac- tion of this kind will take place ; because 
tion is at the same time exerted by the no action can result between a system 
currents of the wires upon those of the of closed currents and another current 
magnets, which therefore tend to move terminating at both extremities in the 
the magnet progresHvdy, or in the axis of the system. 
same direction as its own currents. (28*2.) The theory of Ampere implies 
(} 203.) But the currents which pass a perfect identity in the mode of action 
from the lawer ends of the wires through of a magnet and of an electro-dynamic 
the mercury to the exterior of the ves- cylinder. A remarkable difference, 
sel, recede from the magnet, and tend however, has been observed between 
to impress on the mercury a motion of them. In the eleotro- dynamic cylinder 
revolution in the direction of the mag- the poles are situated at the very extre- 
netic currents ; and, conseouently, by mities pf the cylinder ; whereas, m ordi- 
the reaction of this force tne magnet nary B&agnets, they are always found 
receives a tendency to revolve in the oph to oe nearer to the centre than the 
posite direction. The two forces result- ends ; the distance varying in different 
iRg from these contrary tendencies of magnets. This circumstance was long 
the descending and the receding cur^ considered as invalidating the truth of 
rents, oppose and partly destroy each the theory *. It may, however, be ex- 
other, as far as regards their efibet on plained consistently with the hypothesis, 
the magnet; and when the rotatory effects in two ways; either by supposing that 
of the whole of the remaining part of the intensities of the currents gradually 
the current composing the wliole eir- diminish from the nuddle to the extre- 
cuit, and including that of the pile itself, mities; or else by assuming that they 
and its two wires, W and 2i>, are taken acquire a degree of obliquity when at 
into account, the compensation becomes a oistance from the centre of the magnet ; 
complete, and the total effect reduced to that is, that they move in planes which 
nothing. Hence we see that, although are not exactly perpendicular to the 
the wires are made to reVolve in one axis of the magnet, but differently in- 
direction and the mercury in another, dined in different parta. These effects 
the magnet itself, being acted upon by are, indeed, not only quite consistent 
equal and contrary rotatory forces, and with Amp^re^s hypothesis, buf follow as. 
unattached to any part of the circuit, the natural consequences of the esta- 
remains perfectly unmoved. blished laws of electro-dynamic action t* 
(280.) But the case is altered if the lliese pesitiona of the different cur- 
magnet be so connected with the appa- rents, according to their positions rela- 
ratus of the wires as to form a part of tive to the axis, will be best understood 
the circuit, even for a portion only of {torn Jig, 162, which represents a longi- 
the current ; for that portion of the tudinal section of a magnet by a plane 
current which thus passes through the passing through the axis ; the directions 
magnet no longer exerts upon it any of the currents being marked by short 

rotatory tendency, and may, therefore, 

be considered as suppressed : and smee • *J^)f ^"^ V^f^ " ?" oWecuon by Mr. Faraday, 

Iau^ ^^t.'.^ m A.\.' "^Vr*^^"^^ ' "»»« w"««i^ in the QiiaTterly Journal of Scienoe, to), xu. p. TC 

•^lie action of this portion exactly coun- t Anpdr«, Rfcueii, *c. pp. M7 wd 34ft. 
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arrowsu The elementary currents of the partieles of the magnetized body, or 
those particles of the magnet which are in the magnetic elements, as they have 
situated in the axis, that is, along the been caHed, (see Magnetism, 6 154). 
line X Y, will, of course, on account of there are two suppositionsi either of 
the symmetiy of the figure, move in which will account for this phenomenon, 
planes peri)endicular tj) the axis; as The first is, that electric currents, wh^ 
also those m the medial plane M m, did not before exist, are produced, of 

Fig, 162. called into action, by the influence or 

3£ another current in the vicinity. The 

' second hypothesis is, that the electric 

currents pre-exist in all the particles of 
vrottt or other bodies susceptible of mag- 
netism previous to their acquiring this 
property, bttt without having any uni- 
form direction; under these cu-eum- 
stances, their actions upon any external 






passing through the centre of the mag- bo(Jy counteract and balance one an- 
net. But with regard to the currents other, so as to constitute the neutral 
nearer to the surface, they will, by the »***«. When, on the other hand, they 
action of the interior currents, be turned ^^ under the influence of an external 
towards the middle of the magnet, electric current of sufficient power, they 
while those parts of the same currents we all turned by it towards the same 
that are nearest to the axis will be quarter, and assume a common direc-* 
repelled from the middle towards the tion ; they will now co-operate in their 
adjacent extremity ; and the planes of action upon external bodies, and exhi- 
their inclination will therefore be more ^^^ magnetic properties. This change is 
or less inclined to the axis, as they are analogous to what takes place in the 
more or less remote either from the "^ys of ordinary light when, from being 
axis, and from the middle of the magnet, polarized in all possible directions, they 
in the manner represented by the ar- become suddenly polarized in one parti- 
rows in the figure. The total amount cular direction. 

of inclination in the lateral currents wilt (284.) It is implied in the first of 
be greater in proportion to the mtensity these hypotheses, that eveiy electric cur- 
of the action of the intetior current*, fent tends to produce currents in a simi- 
andalso in proportion to their number ; lar direction m other bodies. Ampere 
it will, therefore, be greater in proper- has proved, by the following cmrious 
tion as the thickness of the magnet is experiment, that a powerful voltaic cur- 
greater compared with it^s length. We i^ent possesses this power of exciting 
may conceive this relative thickness to currents in neighbouring bodies that are 
be so excessive as that the forces tend- not generally considered as susceptible 
ing to produce this inclination of the of magnetism. A copper wire of consi- 
currents will at length overcome the derable length, covered with silk thread, 
coercive force, and prevent the deve- was rolled round a cylinder, so as to 
lopment of magnetism. This consider- form a coil of some thickness. Within 
ation will easily explain the difficulty this c(^, placed in a vertical position, a 
that is experienced in magnetizing a bar copper ring of smaller diameter was sus- 
in such a manner as that the poles may pended by a fine silk thread, passing 
be in the direction of the shorter dia- through a small glass tube, which was 
meter*; a remark which leads us to the thrust between the threads of the cop- 
subject of the induction of magnetism, per coil. The circumference of the ring 
Let us examine with wlmt success the was thus brought, in every part, very 
hypothesis of Ampdre may be applied near to the conducting coil, through 
to this class of phenomena. which a very powerful voltaic current 

(283.1 We have already seen that an was sent. When a magnet was pre- 
dectric current communicates magnetic sented to the ring, under these circum- 
properties by induction to such bodies stances, the latter was attracted or re- 
in the vicinity as are susceptible of pelled in the same manner as if it had 
accjuiring them. If these properties are formed part of the same circuit as the 
owing to electric currents circulating in coil. Hence it was inferred, that an 
^ electric current tends to induce in con- 

P.8M. currents that move m sunilar directions. 
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This tendency, indeed, is but feeble; 
and the first endeavours of Ampere to 
discover it failed, in consequence of his 
employing inadequate means; but, on 
repeating the experiment with more 
powerful batteries and ma^ets, he per- 
fectly^ succeeded in rend^ing the actioi 
sensible. • 

It were much to be desired that this 
important experiment, upon the accu- 
racy of which so much is made to 
depend in accounting for magnetic 
induction in Amp^re^s theory, were 
carefully repeated, and with eveiy pos- 
sible variation in its circumstances, so 
as to determine whether the effect which 
he observed is uniformly sustained, is 
invariably connected with its supposed 
cause, and is always proportioned to it ; 
or whether it be not dependent upon 
some particular conditions in the current 
With relation to its tension, velocity, or 
mtensity, or upon some temporary va- 
riation taking place in these conditions. 
In the particular form in which the ex- 
periment has been tried, it seems scarcely 
to warrant the very general conclusion 
which Ampere has deduced from it. 

(285.) £ven if we admit it to be esta- 
blished as a general fact, that electric 
currents, circulating in one body, are 
attended by similarly directed currents 
in neighbouring conductors, we are 
still not in a condition to decide the ques- 
tion, whether, in imparting magnetism 
to metals, there is an actual production 
of electric currents, or simply a change 
effected in the directions of currents 
previously existing in their particles. 
There is, however, no inconsistency in 
the supposition that the effect maybe 
due to both these causes ; for the action 
of an electric current may consist in 
giving a common direction to pre-exist- 
ing currents, while it, at the same time, 
augments their intensity. 

(286.) It is unnecessary to enter into 
long details as to the modes in which, 
according to the theory we are consider- 
ing, an electric current, passing through 
conductors of different forms, whether 
straight, or bent into spirals, or helices, 
or a magnet, in which currents are sup- 
posed to circulate, induce magnetic po- 
larity in the adjacent parts of pieces of 
iron or steel brought within the sphere 
of their influence, when we regard that 
polarity as consisting in the establish- 
ment of circular currents of the same 
description as those of the inducing 
magnet. It will be sufficient to show 
that the fundamental iwU namely, that 



either pole of a magnet tends to induce 
the opposite polarity in the adjacent end 
of a magnetizable body in its vicinity, is 
the direct and necessary consequence of 
the hypothesis. That this is the case 
will readily appear from considering that 
when the elementary magnetic filament 
A B,Jlg, 163, is brought near to a simi- 
lar elementary filament, C D, in a neutral 

Fig. 163. 




state, the currents which circulate in the 
former will excite in the latter a circu- 
lation of currents in the same direction, 
thereby rendering it magnetic. But since, 
according to the theoir (f 267), the kind 
of polarity manifested at either end of 
a magnet depends altogether upon the 
direction of the currents with respect to 
the axis at the extremity, it is evident 
that if the current at the end B revolves, 
as seen by a spectator looking at that 
end, in the direction of the hands of a 
watch on the dial,, constituting the 
southern polarity, the current induced 
at the end of the other piece, C, revolv- 
ing in the same direction in space, will 
appear to a spectator looking at that 
end to move in the contrary direction ; 
it will therefore have a northern polarity, 
that is, one contrary to that of the ad» 
jacent end B, but similar to that of the 
remote end A. In like manner the 
polarity of D, if the inductive influence 
extend to that distance, will be the same 
as that of B ; for the circumstances at-* 
tending the revolution of its current are 
precisely the same in both. 

(287.) When, on the other hand, the 
neutral bar is placed near and parallel 
to the inducing magnet, the action of 
the currents on the adjacent side of the 
latter will prevail over that of the cur^ 
rents on the remote side, on account of 
their ^eater proximity to the bar, and 
induce in its adjacent side currents- 
running in the same direction ; but these 
two sets of currents, being situated in 
different sides of their respective axes>. 
will constitute magnetic currents in con- 
trary directions, and, therefore, of oppo^ 
site properties. Hence the poles of the 
induced magnet are reversed with re- 
lation to those of the inducing magnet. 
This will readily appear from an inspec- 
tion of Jig. 164. The same opposition 
of direction takes place when two paral- 
lel rollers turn upon one another, in qqijl-.. 
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i^uence of the parts in contact moving 
in the same direction. 

Fig. 164. 





(288.) After the removal of the cur- 
rent which originally determined them, 
these induced currents continue to cir- 
culate with more or less permanence, 
according to the degree of coercive force 
inherent in the body. In soft iron they 
disappear almost immediately: in steel 
they continue to maintain themselves, 
and constitute permanent magnets. The 
action of heat is either to weaken or 
destroy the currents altogether, or else 
to derange the uniformity of their direc- 
tion, so that they cease to act in con- 
cert, and the steel reverts to its neutral 
state. It is found, in conformity with the 
theory of Ampere, that all the effects of 
magnetic induction are produced eaually 
well by electric currents circulating 
t hrough spiral or heUacal conductors, as 
by artificial magnets. 

(289.) The theory of Ampere fur- 
nishes a key to the explanation of a- 
variety of facts attending the conversion 
of steel bars into magnets by the ordi- 
nary processes of magnetization, which 
are not intelligible on any other hypothe- 
cs. It accounts for the peculiar circum- 
stances already noticed in the Treatise 
on Magnetism, regarding the relative 
advantages of the single or double touch, 
according to the inclinations given to 
the magnet when applied to the bar to 
be magnetized ; and it more especially 
exphuns the frequent occurrence of con- 
secutive- points when certaia methods 
are employed. Thus, let one of the 
poles of a magnet, the north, for in- 
stance, be placed on the middle of a 
steel t>ar, at right angles to it : see flg, 
165. The form of the steel bar will, aa 



Fig. 165. 



transverse to its length ; and the cnr- 
renta in the magnet running in this di- 
rection are those situated on the oppo- 
site sides of the magnet, supposed to be 
divided by the dott^ line perpendicular 
to the length of the steel bar. But these 
portions of currents are themselves 
moving in contrary directions ; the cur- 
rents they respectively induce in the 
parts of tne bar which they touch, and 
m the neighbouring parts, must there- 
fore, in hke manner, have opposite di- 
rections, giving rise to opposite polari- 
ties. Thus the two ends of the bar will 
be converted into north poles, while the 
point immediately under the centre of 
the magnet will be a consecutive point, 
or south pole. 

(290.) The phenomena attending the 
division or fracture of a magnet follow 
very naturally from the constitution 
assigned to it by Ampere's hypothesis ; 
for, as the currents circulate in the 
same direction in the divided ends while 
they were united, they will appear to 
ciieolate in opposite directions with 
reference to the two sides of the plane 
which divides them, and which become 
the terminal planes of each fragment 
when separate. The polarities of the 
two ends must, therefore, be of opposite 
kinds; for the same reason that the 
adjoining ends, B and C, flg. 163, of 
two ma^ets placed in the same line, 
with their currents having similar di- 
rections, have opposite polarities. At 
the poles of a horseshoe magnet, the 
currents revolve in opposite directions 
with respect to the two ends of the bent 
axis ; but the directions of the adjacent 
part of each current, as well as of the 
remote parts, are similar. See fig. 166* 

Fig. 166. 




already remarked, give greater facility to 
the induction of currents in a direction 
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(891.) If a sted bftr, instead of being 
bent into the form of a horseshoe, be 
formed into a complete ring, ^. 167, 

Fig, 167. 




and then magnetized, it exhibits no 
magnetic properties as long as the ring 
is entire; but when' broken into any 
number of portions, each part has two 
poles, and possesses all the properties 
of an ordinary magnet. This experi- 
ment suggested the theoretical investi- 
gation of the properties of a system of 
small circular currents situated m planes 
perpendicular to another circle, passing 
Jhrough all their centres. The result of 
the investigation of this problem led to 
a mathematical theorem exactly con- 
formable to observation ; a ring so con- 
stituted, or an electr(Mlynamic ring, as 
it has been called, being found, both 
from theory and experiment, to exert no 
action upon a voltaic conductor or mag- 
net, at whatever distance from it, or in 
whatever situation it may be placed. 

(292.) In viewing the application of 
Amp^re^s theory to the mutual action 
of two magnets, we might content our- 
selves with the observations already 
made as to the mutual action of two 
electro-dynamic cylinders, which may 
be taken as their representatives ; and 
simply refer to the general principle 
deduced from theoretical considerations, 
} 251, namely, that the resultants of all 
the actions may be reduced to forces 
emanating from the poles, and inversely 
proportional to the squares of the dis- 
tances. Yet as a more popular view of 
the actual operation of the forces derived 
from the attraction or repulsion of cur- 
rents in the simpler cases may be more 
satisfactory, we shall examine a few of 
these cases. 

(293.) It will be evident that when 
two magnets are presented to each 
other, with their axes in the same line, 
it must depend upon the similarity or 
contrariety of the directions of the cur- 
rents at the adjacent ends, whether these 
ends will attract or, 'repel each other. 
The former, it is well known, happens 



when poles of opposite denominatioo 
front each other ; the latter when similar 
poles are brought together. The mo- 
tion of the currents in the first case may 
be aptly illustrated by two watches laid 
the one above the other, so that the dial 
of the one may be in contact with the 
back of the other, for the hands in both 
watches will then be moving in the same 
direction. We may obtain a represen- 
tation of the second case, by placing: 
the watches either face to face, or back 
to back ; for in either of these situations, 
the motion of the hands in the two 
watches- are in opposite directions. The 
electric currents in the former ease will 
exert a mutual attraction ; and in the 
last, a mutual repulsion. 

(294.) In estimating the attractive or 
repulsive forces which arise in other 
relative positions of the magnets, we 
must take into account, not merely the 
terminal currents, but those which exist 
along the whole length of both magnets. 
The general resultants of all the forces 
thus arising may be reduced to attrac- 
tive or repulsive forces between the 
whole of each of the sides of one mag- 
net, and the whole of each of the sides 
of the other magnet Thus, supposing 
two magnets to be situated horizontally 
nearly in the position to which they 
would be brought by the infiueme of 
terrestrial magnetism, the east side of 
the one will attract the east side of the 
other, and repel the west side ; the west 
side will, in like manner, attract the 
west and repel the east. H«nce the 
general tendency of all these actions is 
to turn the magnets so as to bring 
the two eastern sides, for example, 
as near together as possible, and pa- 
rallel to each other; that is, into a 
relative position, such that the north 
pole of each magnet shall be a4Joining 
to the south pole of the- other ;. and in 
this situation the greatest amount d 
attractive force will be exerted 

(295.) In positions intermediate to 
these, and especially when much in* 
clined to each other, the estimation of 
the resultant foree in each individual 
case is often difficult, from the complex 
operation of the numerous forces that 
are in action in a variety of directions. 
Thus, if one of the magnets, situated 
as just described, parallel to each 
other, and with their dissinular poles 
adjacent, be. moved in the line of its 
axis till the two ends, having similar 
poles, are brought into the same plane» 
as shown in^. 168, a strong repulsion 
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takes the place of the attraction before planer, and a northern polarity on the 
observed, notwithstanding the similarity southern side. It is scarcely necessary 

of the currents in the two edges at S to point out how exactly the phenomena 

and * that are nearest each other. The described in Chapter IX. (} 128 to 147.) 

reason is, that the attraction of the ad- accord with the consequences of such 

Fig. 168. ^^ hypothesis. The magnetic axis of 

the earth, according to this view of the 
subject, is merely an imaginary line, per- 
pendicular to the planes of the electric 
purrents circulating in the earth, and 
passing through the centres of the cir- 
cles described by those currents ; and 
the directive power of the globe which 
jacent sides is now much weakened both ^^^ o" '''<>" *"<* on magnets on its sur- 
by the greater distances of their remoter ^^^> »» the result, not of any real.influ- 
portions at N and w, and also on ac- ®"<* proceeding from those portions of 
count of the great obliquity of that *^® ^^^^ ^^ ^^^^** *^®*' P®^®* P<^i"^ ^"^ 
action. The repulsions, on the contrary, of the electro-dynamic action of cur- 
exerted between the adjacent side of the 'ents circulatmg m the plane of the 
one and the remote side of the other magnetic equator, m obedience to which 
magnet, become very powerful, both ^^^ corresponding currents which cir- 
from their increased proximity and more culate in the magnet place themselves, 
direct action; and they predominate so as to approach to parallelism with the 
accordingly. A similar account may be former ; that is, to attain the position of 
given of the attraction which takes equilibrium between the forces in opera- 
place between dissimilar poles placed in *ion. This position is that of a plane 
a similar situation. The reasoning in perpendicular to the line of magnetic 
both instances being analogous to what direction, or the line of dip : and ac- 
was stated (} 236) with respect to the cordingly, since the currents in the mag- 
action of a helix upon an elementary ''^t are themselves perpendicular to its 
portion of current placed in different »xis, they will tend to bring that axis in 
situations with respect to the helix. that very line. Hence the phenomena 
(296.) In the case of magnets that of the dipping-needle, and hence the 
are not of a prismatic or cylindric position assumed by the compass-needle, 
shape, nor terminated by plane surfaces in the plane oi the magnetic meridian, 
perpendicular to their axes, the estima- as ^eing the nearest approach which its 
tion of the resultant force becomes much mode of suspension will allow it to 
more complicated. All that we have make to the line of dip. 
now said on this subject, indeed, can (298.) All the effects of terrestrial 
only afford approximations to the solu- ma^etism may be imitated by distri- 
tion of the problem <rf finding this re- butmg wires round the surface of an 
sultant. The rigorous investigation of artificial globe, so as to direct a galvanic 
this problem would involve mathemati- current through them. Mr. Barlow, in 
cal considerations of too great an extent a paper lately read at the Royal Society, 
for a treatise of this kind. The reader describes the following experiment which 
who may wish to prosecute the inquiry he made with this view. A hollow 
is referred more especially to the works wooden globe, sixteen inches in diame- 
of Ampere, in which the subjeqt is ter, was furnished with copper wires 
treated with a masterlv hand. passing in grooves along each parallel 
(297.) The magnetic influence of the of latitude for every tenth degree. When 
earth being so perfectly analogous to an electric current was made to pass, 
that of other magnetic bodies, the theory through these wires, in the same direc- 
of Ampdrewith respect to the constitu- tion in each, it was found that a mag- 
tion of such bodies must, if ftwinded in netio needle, properly neutralized with 
truth, api^y also to terrestrial magnet- regard to the earth's action, and sus- 
ism, which must, according to that pended in different situations near the 
theory, be derived from electric currents surface of the artificial globe, arranged 
circulating in the globe from east to itself in positions perfectly analogous 
west in planes parallel to the magnetic to those actually assumed by the dip^ 
equator. The united effect of such, ping-needle in corresponding regions of 
current^ would be lo produce a. south^n the earth. It is probable that if we 
polarity on the northern side of these could indefinitely multiply these electric 
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currents on a globe so prepared, the of a common magnet and an electio* 
apparatus might be made to represent dynamic cylinder, 
with great accuracy every circumstance (301.) We thus find that the theory 
of magnetic dip and direction ; and by of Ampdre satisfies every condition that 
employing, instead of a mas;netic nee- is required of a true theory, inasmuch 
die, an electro-dynamic cylinder, all as it affords a complete explanation of 
the phenomena of terrestrial magnetism all the phenomena, even in their mi- 
might be exhibited, without the inter- nutest details. It unites the character 
vention of magnetism, by means of elec- of simplicity in principle, and compre- 
tricity alone. hensiveness in its applications ; and by 

(299.) The origin of these electrical suggesting new combinations, it has led 

currents permeating the interior of the to tne discovery of new facts. It also 

earth, and more especially its external has an important advantage over the 

layer, may possibly be traced to the theory of tangential forces in presenting 

action of the solar rays on successive greater facility of mathematical investi- 

parts of the torrid zone, which taking gation, and for the comparison of the 

place from east to west, may excite cur- analytical formulie thence obtained, with 

rents of positive electricity in that direc- the results of experiment ; and thereby 

tion, and in planes corresponding wjth affording the most severe test of its 

the magnetic equator. The probability accuracy. If the truth of the theory be 

of such an effect being produced, and established, it will effect an important 

the inference from analogy that similar step in the generalization of physical 

currents may be excited, and even exist phenomena, by showing that sdl those 

permanently in iron and steel, is greatly formerly referred to the operation of an 

increased by the recent discoveries of unknown principle, considered as dis- 

Professor Seebeck, that electric currents tinct from electricity and denominated 

may be produced and maintained in cir- magnetism, are, in fact, essentially elec- 

cuits formed exclusively of solid con- trie, and that the two principles are 

ductors, by the partial application of identical, and instead of being the bases 

heat. This discovery, which leads to a of two separate departments of know- 

separate department of this science, to ledge, are merely branches of a single 

which the name of Thermo-Eleetrieity and more extended and comprehensive 

has been given, will be treated of in the science, 
next Chapter. (302.) It must at the same time be 

(300.) A further conffi-mation of the acknowledged that much still remains 
electro- dynamic theory of magnetism is to be done towards removing the diffi- 
derived £rom its applicability to the cu- culties opposed to this as well as other 
rious phenomena of magnetic rotations, electro-magnetic theories, which are pre- 
which have been described in the eighth sented by the singular and apparently 
chapter of the Treatise on Magnetism capricious phenomena of the induction 
($354 to 360). Soon after the discovery of magnetism by electrical currents 
of this new class of facts, M, Arago transmitted along conductors, and de- 
suggested to M. Ampere the substitution rived either from the voltaic or the com- 
of electro- dynamic cylinders for the mon electrical batteries. We allude 
magnetic bars in these experiments on particularly to the results of the expe- 
the effects of rotation. The first trials riments of Savary, already noticed in 
made by these two philosophers in con- } 164 to 168, and which have not yet 
junction did not lead to any decisive re- been sufficiently generalized to admit of 
suit, in consequence of some defects in being explained on any hypothesis, 
the apparatus they employed ; but when 

these defects were obviated in the sub- p yttt 

sequent experiments which they made Chapter Xlll. 

with M. Colladon, in which a very short Thermo^ Electricity. 

double helix, forming a coil of about 

two inches in diameter, was used, they (303.) Professor Seebeck, of Berlin, 
succeeded perfectly in obtaining the discovered, in the year 1822. that cur- 
same results as if magnets had been rents of electricity might be produced 
employed*. Hence we may infer the by the partial application of heat to a 
complete identity between all the effects circuit composed exclusively of solid 
_^ ___»^ conductors. The original experiment 

• Ampere, th&rie desPhteom^DM Bl^rtnMiy. ^'hich established this fact was first an- 

aami<]ae8, p. 19C nounced m thi8 country, m the Annala 
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Of Philosophy*. A bar of antimony, 
about eight inches long and half an inch 
square, was taken, and its extremities 
connected by twisting a piece of brass 
wire round them so as to form a loop, 
each end of the bar having several coils 
of the wire. On heating one of the ex- 
tremities, for a short time, with a spirit- 
lamp, electro-magnetic effects were pro- 
duced in every part of a circuit so 
formed. 

(304.) Thus it appears that for con- 
stituting a circuit of this kind, two ele- 
ments only are requisite ; which may 
be represented in the diagram, fig, 169, 
by the conductors A and B, consisting 

Fig, 169. 




of two different metals, in contact in 
two points H and C, so that a circuit is 
formed in H A C B. 

(305.) The electrical current thus ex- 
cited has been termed Thermo-electrto, 
in order to distinguish it from the com- 
mon galvanic current, which, as it re- 
quires the intervention of a fluid ele- 
ment as one of its essential components, 
-was denominated a Hydro-electric cur» 
rent. The term Stereo-electric current 
has also been applied to the former, in 
order to mark its being produced in 
systems formed of solid bodies alone. 
It is evident that if, as is supposed in 
the theory of Ampere, magnets owe 
their peculiar properties to the continual 
circulation of electric currents in their 
minute parts, these currents will come 
under the description of stereo- electric 
currents. 

(306.) The chief evidence we possess 
of the existence of thermo-electric cur- 
rents consists in the production of elec- 
tro-magnetic effects. A compass- needle 
placed either within or without the cir- 
cuit, and at a small distance from it, is 
deflected from its natural position in a 
direction conformable to its situation 
with regard to the circuit. Still stronger 
indications of electro-magnetic action 
are obtained by placing two ends of one 

• New Serine voL it., p. U9, 



of the metallic arcs in contact with the 
wires of a galvanometer. The thermo- 
electric current has also been found to 
excite contractions in the muscles of a 
frog : but as far as experiments have 
yet been tried, it is inadequate to effect 
chemical decompositions, the ignition of 
metals, or to exhibit sparks^ or any 
other of the phenomena of ordinary 
electricity. 

(307.) If the metallic arcs, through 
which a thermo-electric current is made 
to pass by the application of heat to one 
of the points of contact of the different 
metals, be delicately suspended, they will 
obey the action of a magnet brought 
near it. If the opposite poles of two 
magnets be placed on the outside of a 
circuit moving in a vertical plane, and 
turning on a vertical axis, the conduc- 
tors may be made to revolve by continu- 
ing to apply the heat on the same side. 
Thus if the circular arrangement of bars 
represented in fig, 169 be suspended by 
a thread at A, and opposite magnetic 
poles be applied at H and C, out of the 
circle, while the flame of a spirit-lamp 
is held steadily at H, the combined ac- 
tions of the -two magnetic poles upon 
the adjoining ascending current at H, 
and descending current at C, will be to 
move the circle till its plane is at right 
angles to its former position* But the 
impulse it has acquired by the joint ac- 
tion of the magnets is sufficient to con- 
tinue the motion until the side C arrives 
at the flame. This part of the circle 
being thus heated, w*hile the part H is 
at the same time becoming cool, an 
electric current is now determined from 
C through A to H, and back again 
through B to C, which direction, with 
reference to the magnets, is the same as 
before, and the circle is urged onwards 
in its revolution. When it has com- 
pleted an entire revolution, all the cir- 
cumstances being the same as at first, 
another impulse will be given, and the 
circle will continue incessantly to re- 
volve; the current moving alternately 
in opposite directions at every semi-re- 
volution of the circle. 

(308.) On the other hand, the pole 
of a magnet placed within the circuit 
will have no tendency to produce rota- 
tion ; because the current in the oppo- 
site branches of the circle moves in con- 
trary directions; and being, therefore, 
urged by the magnet to revolve in oppo- 
site directions, the circle will remain in 
equilibrium. But two systems of circles, 
supported each by a point on the ends 
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of a horseshoe magnet, placed vertically, 
^ith the poles uppermost (that is, fixed 
as inflg. 50), and a lamp being placed 
half way between the poles, each of the 
circles will revolve by the action of thai 
pole which is exterior to it. 

(309.) It appears from those and 

other experiments of a similar kind*, (312.) In this series every metal is 

that the mutual action of a magnet and positive with respect to all those below 

a thermo-electric current is subject to it, and negative to those above. Hence 

the same laws as those of magnets and any two metals occupying situations 

galvanic currents ; and hence all the intermediate between the two extremes 

phenomena of the attraction, repul- will together compose a thermo-electric 

sion, or rotation of conductors conveying circuit similar to, though of less power 

galvanic currents, may be exhibited by than that formed by bismuth and anti<» 

a thermo-electric current transmittea mony. 

through the same conductors. (313.) The order in which the metals 
(310.) The two metals of which the stand in the above series does not con- 
combination and contact produce the tinue the same at all temperatures: thus 
most powerful thermo-electric currents, gold, silver, copper, brass, and zinc, 
are antimony and bismuth, which we should be placed below iron in high tem- 
shall accordingly take as the representa- peratures, though they rank above it in 
tives of their respective classes. As in a low heat. 

the galvanic circuits, where the current (314.) On comparing the series above 

of positive electricity is flowing directly given, which represents the thermo-elec- 

from the copper to the zinc (see Qal- trie relations of the metals, with that 

vanism, ^ 4), the latter is generally said given in the Treatise on Gaivanism, $ 

to be positive with respect to the former 73, which represents their galvanic re- 

(see Gralvanism, ( 73) ; so, in the ther- lations, it will be evident that there is no 

mo-electric circuit, the bismuth is gene- eorrespondence between them, 

rally said to be positive with regard to (315.) The contact of the metals in 

the antimony, because, in the colder thwe experiments is most completely 

portion of the circuit, the electric cur- tecnred by soldering them together ; but 

rent is passing from the antimony to the in most cases it will be sufficient, if they 

bismutht. Hre in the form of wires, to tv^ist them 

(311.) In the TVeatise on Galvanism, doiely together. Mercury may be eon- 

we have given (J 73) a list of metallic veniently employed as the intermedium 

substances in the order of their oxidabi- between other metals : the mercury be- 

lities, or rather in the order of their ing previously heated, the extremities of 

electrical relations, when united in gal- each piece composing the pah* beine 

vanic circuits, with interposed acids. A dipped into it at the same moment, and 

number of experiments have been made the other extremities being appUed to a 

by Professor Gumming, for the purpose galvanometer. Even a small fragment 

of determining the comparative thermo- of any metallic substance is sufficient to 

electric relations of the different metals afford indications of its thermo-electric 

by forming circuits of them taken in relations, if placed upon a disc of the 

pairs. From these the following series metal with which it is to be compteired, 

has been deduced, descending from the and touched with a hot wire ; the circuit 

extreme positive, as we have already being completed through the wire and 

defined it, which is bismuth, to the ex- the disc. But it is found that the results 

treme negative, which is antimony. of experiments so made do not always 

accord with those obtained by empiOying 
larger pieces, for it appears that the 
effect is much influenced by the rdati^e 
dimensions of the heated surfades. Even 
when the experiment is made by plung'* 

_^^^^_^______^^________^_______ ing the metds to be examined in heated 

. „ J * 1 J * f *». /, mercury, the direction of the current 

• For a more detailed account of thcM, 8«e Cam- m» l "^ j 4 • j • ^ 

ming's Manual, already quoted. Will DC Cteterminea, IH many CaSCS, by 

t There is still some confasioa in the application the Order in whioh thet have been illl'« 

Considerable diversities take 
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pltee in the direetkms of the current changes taking place in the materials 

ivhen the metals contain any alloy, or composing the circuit. Oxidation, at 

are not in a state of perfect purity, least, has no share in the effect; for 

Thus, although bismuth and tm are Becquerel has repeated the experiments 

each positive with regard to copper, yet of Seebeck and others, relating to this 

an alloy of the two former is found to mode of action, when the apparatus was 

be negative with regard to the latter surrounded by hydrogen gas, without 

metal. any sensible difference in the results.* 

(317.) We are vet far from possessing (319.) The great peculiarity which dis- 
any theory by which the whole of the tinguishes thermo-electric currents from 
facts belonging to thermo-electricity those produced by galvanic action, is that 
can be satisfactorily explained. The the quantity of circulating electricity is 
most intelligible account of them appears much greater compared with its inten- 
to be that given by Becquerel*, which nty. They are, in this respect, still 
proceeds upon the hypothesis, that when- further removed from the condition of 
ever a particle of a metal receives heat streams of electricity produced in the 
from a body of a higher temperature common electrical machine, which pos- 
than itself, part of the neutral electric sess a much greater intensitv, though they 
fluid which fs attached to it is decom- are much less considerable in quantity 
posed, the vitreous fluid being retained, than galvanic currents. Hence it is 
and the resinous fluid driven off, and chiefly by their effects in producing 
passing into the adjoining particles of deviations in the magnetic needle that 
metal In proportion as the heat ex- the existence of thermo-electric currents 
tends, by communication from particle is recognised. The low state of inten- 
to particle, similar effects take place in sity of these latter currents occasions 
each of those that are acquiring heat, great loss of power whenever they have 
while contrary effects are taking place in to traverse any considerable line of con- 
all those that are losing heat. Thus, the ductors, — even of metals, which are the 
simple diffusion of that portion of heat most perfect conductors. On this ac- 
which was originally received by the count it is that very little advantage is 
first particle, produces only an oscilla- gained by forming compound circuits ; 
tory movement of the electrical fluids that is, arranging their elements in a 
between adjacent particles, attended by series of alternations analogous to those 
a series of decompositions and com- of the voltaic pile. Messrs. Fourier and 
binations of the two electric fluids. But Oersted made trials of this kind ; first 
if the source of heat be permanent, so combining three bars of bismuth with 
thatthe temperature of the first particles three bars of antimony, placed altera 
which receive it be uniformly maintained, nately, so as to form the sides of a 
the retrograde movements of the decom- hexagon, and with their contiguous ends 
posed electric fluids are prevented, and soldered together, thus composing a 
a continued current of each takes place thermo-electric circuit, which included 
in opposite directions ; the negative three pair of elements. The length of 
electricity being impelled forwards from the bars was about four inches and a 
the parts where the temperature con- half, their breadth about half an inch, 
tinues high to those which continue to and their thickness one-sixth of an inch, 
be colder, and a positive current moving This circuit was placed upon two sup- 
in the contrary direction. It follows, ports, and in a horizontal position, one 
from this hypothesis, that when two of the sides of the hexagon being in the 
different metals are placed in contact, magnetic meridian. A compass-needle 
so as to constitute a circuit, the currents was placed below this side, and as near 
from the heated parts that are con- to it as possible, and was very sensibly 
joined will be urged in opposite direc- affected when one of the solderings at 
tions ; but the strongest will prevail, the junctions of the bars was heated 
and the thermo-electric current actually with the flame of a lamp. The devia- 
observed is that which results, and of tion was considerably increased on heat- 
which the intensity is equal to the differ- ing two of the aJtemate angles of the 
ence between the two that are simul* hexagon ; and a still greater deviation 
taneously developed. was produced when the heat was applied 

(3 IS.) Thermo-electricity does not to the three alternate angles. Similar 

I4)pear to have its source in any chemical effects were produced when, instead of 
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applying heat, the temperature of one Cralvanum, $ 69), it will, therefore, be a 

or more of the other angles of the hex* more imperfect conductor than the me* 

as:on was reduced by means of ice. tals, and will oppose some degree of 

When the action of the ice was com- resistance to the passage of the electric 

bined with that of the flame, applied at currents circulating through the whole 

the same time to the alternate angles assemblage. 

all round the hexagon, the effect was (323.) There are, therefore, strictly 

still more considerable, the deviation of speaking, three states of electricity. That 

the needle amounting to sixty degrees, derived from the common electrical ma- 

(320.) By continuing these experi- chine is in the highest state of tension, 

ments with more numerous alternations, and accumulates till it is able to force a 

it was found that the total effect of a passage through the air, which is a per- 

compound thermo-electric circuit is very feet non-conductor. In the galvanic 

inferior to the sum of the effects which apparatus the currents have a smaller 

the same elements could produce when degree of tension ; because, although 

employed in the formation of simple they pass freely through the metallic 

circuits, so that the electro-magnetic elements, they meet with some impedi- 

forces called into action increase in a ment in traversing the fluid conductor, 

much less ratio than the number of But in the thermo-electric currents the 

alternations constituting the series *. tension is reduced to nothing, because 

(321.) The latest thermo-electric ex- throughout the whole course of the cir- 

periments are those of Messrs. Nobili cuit no impediment exists to its free and 

and Melloni, of which an account was uniform circulation, 

read to the French Academy of Sciences (324.) These considerations serve also 

in September last (1831.)t A thermo- to explain why the latter species of 

electric pile, consisting of thirty- six pairs current is inadequate to effect any kind 

of plates of bismuth and antimony, hav- of chemical decomposition, or even to 

ing a galvanometer with two needles produce any degree of permanent mag- 

attachS to it, was found to be so sen- netism. It has hitherto been found 

sible as to be affected by the warmth of impossible to magnetize steel bars by 

a person at the distance of thirty feet, means of thermo-electricity, although 

A number of delicate experiments were the apparatus employed for that pur • 

made with this apparatus on the permea* pose was capable of producing a strong 

bility of bodies to radiant heat, on the effect on the magnetic needle, 

temperature of insects, and on the pow- (325.) It is probably owing to some 

ers of different bodies of emitting, re- quality of this kind in the currents, which 

fleeting, and absorbing heat. Consider- theory assigns as the source of magne- 

able doubt is also thrown by these in- tism (namely, from deficiency in tension), 

quirers on the conclusions of Fourier that all the endeavours which have so 

and Oersted with respect to the limited many different times been made by va- 

effect of increasing the number of alter- rious experimentaTists to obtain from 

nations in augmenting the intensity of magnetism any effects that may be con- 

the current. sidered as exclusively electrical, have 

(322.) It would appear also, from the uniformly failed. Although a magnet 

observations of Professor Gumming, is powerfully affected by a cuirent of 

that although the hydro-electric and electricity proceeding from a voltaic 

thermo-electric currents may bolh be battery, it does not appear that the 

regarded as continuous, when compared magnet is capable of augmenting or 

with those of common electricity, excited diminishing either the intensity or ve- 

by the electrical machine, which are locity, or any other of the qualities Oi 

manifestly discontinuous (see Gcdvan- the electric current. The only way in 

tm, J 21 and 94), yet when the hydro- which the reaction of the magnet is 

electric and thermo-electric currents are shown, is by giving the electric current 

compared with one another, the con- a tendency to lateral deflexion, as if 

tinuity of the latter is by far the most urged by tangential forces proceeding 

complete. This w ill appear evident from from the poles of the magnet. If the 

the consideration that, as it is necessary wire of a galvanometer form part of the 

that one of the three elements of a gal- voltaic circuit, and a powerful magnet 

vanic circuit must be a fluid (see be applied to other parts of the circuit, 

. whether bent into a helix or not, no 

• «»«..f-.u T 1 ^f ««• ,• ion indication of any action from the magnet 

« QnarteriyJoarnal of Science, XVI. 126. a* ^ t \ a^ ji p t\ i 
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meter.* We understand, however, that 
Mr. Faraday is at present engaged in an 
experimental inquiry upon this subject, 
which cannot fail, in such able hands, 
to lead to important results. 

Chapter XIV. 

Influence of Light on Magnetism. 

(326*.) Pbofessor Morichini of Rome 
announced, in the year 1813, his having 
discovered that steel, exposed in a par- 
ticular manner to the concentrated violet 
rays of the solar spectrum, became mag- 
netic; but the uniform failure of the 
experiment, when tried by every other 
person, had created great doubt of the 
accuracy of the resmt as reported by 
MorichinL In the course of some ex- 
periments made by Mr. Christie, in the 
year 1824, he was led to the conclusion 
that the solar rays actually do exert a 
sensible influence on magnetism, which 
is shown by their affecting the vibra- 
tions of a magnetized needle exposed to 
them, quite independently of the effects 
produced by the heat which they impart. 
A needle, six inches long, contained in 
a brass compass box with a glass cover, 
was suspended by a fine hair, and made 
to vibrate, alternately shaded and ex- 
posed to the sun. He found) from a 
number of trials, that the vibrations of 
the needle, when exposed to the sun, 
ceased in a much shorter time than when 
they took place in the shade. That this 
greater slowness of the vibrations was 
not attributable to an increase of tem- 
perature, was proved by the needless 
being observed to vibrate more rapidly 
when its temperature was raised by 
other meanst . 

(327.) In the summer of 1825, Mrs. 
Somerville was induced, by the unusual 
clearness of the weather, to investigate 
this subject};. Having at that time no 
information of the manner in which 
Morichini's experiments had been con- 
ducted, it occurred to her that if the 
whole needle were equally exposed to 
the violet rayis, it was not probable that 
the same influence which produced a 
south pole at one end, would, at the 
same time, produce a north pole at the 
other. She therefore covered half of a 
slender sewing-needle, an inch long, vnth 
paper, and fixed it in such a manner as 
to expose the uncovered part to the 

« Sea QoArterlvJojunal of SoienM, xiz. 838. 
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violet rays ot a speetrum thrown by an 
equiangular prism of flint glass, oh a 
pannel at five feet distance. As the 
place of the spectrum shifted by the 
motion of the sun, the needle was moved 
so as to keep the exposed part constantly 
in the violet ray. The sun being bright, 
in less than two hours the needle, which 
before the experiment showed no signs 
of polarity, had become magnetic, the 
exposed end having the properties of a 
north pole. 

The season continuing favourable, 
afforded dail^ opportunities of repeat- 
ing and varying the experiments with 
needles of different sizes, and placed 
in different positions with respect to 
the meridian, and at different distances 
from the prism. The results were nearly 
uniform, and similar to that above 
stated, it was not found necessary to 
darken the room, provided the spectrum 
was thrown out of the direct solar rays. 
(328.) Mrs. Somerville next endea- 
voured to ascertain whether the other 
prismatic rays had the same property 
as the violet. Needles, previously as- 
certained to be unmagnetic, exposed to 
the blue and green rays, sometimes 
acquired magnetism, though less uni- 
formly and less quickly than in the 
violet ray : when magnetism was thus 
communicated, it seemed to be equally 
strong as in the former case. The in- 
digo ray succeeded nearly as well as 
the violet. The exposed end, in almost 
everjr case, became a north pole. In no 
one instance was magnetism produced 
by the yellow, orange, or red rays, 
though in some instances the same 
needles were exposed to their influence 
for three successive days ; neither did 
the calorific rays of the spectrum pro- 
duce any sensible effect. 

(329.) Pieces of clock and watch 
spring were next tried with similar suc- 
cess, and were found to be even more 
susceptible of this peculiar magnetic 
influence than needles, possibly on ac- 
count of their blue colour, or greater 
proportional surfaces. The violet rays 
concentrated by a lens produced mag- 
netism in a shorter time than the prism 
alone. 

(330.) Experiments were next insti- 
tuted by transmitting the solar rays 
through coloured media. Needles, half 
covered with paper, were exposed on a 
dtone outside a window, under a blue 
glass coloured by cobalt, to a hot sun 
for three or four hours. They were 
found to be feebly magnetie; but their 
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ma^etism was not permanently re- during that exposure a certain degree of 
tained. In subsequent experiments, heat ; which heat is again lost by noc- 
by an exposure of needles under the turnal radiation. Although the effect 
same circumstances, for six hours, a of these alternate changes of tempera- 
very sensible degree of magnetism was ture may extend only to a small depth 
acquired, and remuned permanent, below the surface, yet considering their 
The rays transmitted through the blue immense superficial extent, they may be 
glass employed in this experiment black- sufficient to give rise to thermo-electric 
ened muriate of silver as powerfully as currents of considerable power. It has 
those transmitted through uncoloured been conjectured, also, that these effects 
glass ; thus proving that it was freely may be combined with an influence of 
permeable to the chemical rays of the another kind, more directly derived from 
solar spectrum. Green glass was also the rotation of the earth on its axis, on 
tried ; and the rays which had pene- the pnnciple that all bodies have been 
trated it were likewise found to commu- found to exhibit magnetic polarity by 
nicate magnetism. The white light of rotation .f 

the sun produced no magnetic effect (333.) That electric currents do really 

whatever on needles exposed to its in- circulate in different parts of the solid 

fluence. strata of the earth, is not merely matter 

(331.) Although the experiments, of of conjecture: the existence of such 

which we have just stated the results, currents has been lately proved, in the 

are minutel]^ detsuled in the paper above most satisfactory manner, by Mr. Robert 

referred to in the Philosophical Trans- Fox, in a paper " On the Electro-raag- 

actions, yet, in many trials made by other netic properties of metalliferous veins,** 

experimentalists, no success has been which has been recently published in the 

obtained. The experiments on the os- Philosophical Transactions *. Having 

cillations of the needle were repeated by been led from theory to entertain the 

Messrs. P. Riess and L. Moser without belief that a connexion exists between 

any satisfactory result*. We may, electric action in the interior of the earth, 

therefore, consider the subject as still and the arrangement of metalliferous 

open to inquiry, and as requiring a more veins, he was anxious to verify this 

minute and scrupulous investigation. opinion by experiment. The first trials 

lie made with this view were unsuc- 

Chapter XV. cessful : but by persevering in his at- 

^ . . -», . ' 1 %ji A' tempts, he soon obtained decisive evi- 

Ongm of Terrestrial Magnetism. ^jence of considerable electrical action 

(332.) Several causes have been as- in the mine of Huel Jewel, in Cornwall, 

signed for the magnetic influence which His apparatus consisted of small plates 

the globe of the earth is found to exercise, of sheet copper, which were fixed in 

not only over the magnetic needle, but contact with ore in the viens by copper 

also, as we have seen, over currents of nails, or else wedged closely against them 

voltaic electricity transmitted through by wooden props stretched across the 

conductors. {See Chapter IX. J 128, galleries of the mine. Between two of 

et seq.) Among the various substances these plates, at different stations, a 

which occupy the interior of the globe communication was made by means of 

it is extremely probable that chemical copper wire, one twentieth of an inch in 

actions of different kinds are incessantly diameter, which included a galvanometer 

occurring. These actions will, for the in its circuit. In some instances three 

most part, however, be very slow, and hundred fathoms of copper wire were 

will continue with a certain degree of employed! 

uniformity for very extended periods of (334.) The intensitjr of the electric 

time. They will occur more especially currents was found to differ considerably 

in the superficial strata of the earth, in different places. It was generally 

where the combined agencies of water, greater in proportion to the greater 

of atmospheric air, and of heat are in abundance of copper ore in the veins, 

constant operation. The influence of and in some degree also to the depth of 

the solar rays on a surface of such vast the station. This curious fact may 

extent must be very considerable : and possibly afford the miner some useful 

excepting in the vicinity of the poles, indications as to the relative quantities of 

every portion of that surface is exposed ore which the vein contains, and also as 

in succession to their action, and acquires ■ ■ 

— ' ■ I ■ — — • Caminii)g*s Manual, &'c. p. 831. 
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to the directions in iivhieh it is most pro- resultant electro-magnetic action of the 

ductive. Tlie electricity thus perpetu- whole combination being that of which 

ally in action does not appear to be in we witness the effects, and which may 

any respect influenced by the presence be considered as due to electrical cur- 

of the workmen and their candles ; nor rents circulating in directions parallel 

even by the explosions of gunpowder in to the magnetic equator round the sur- 

blasting. face of the earth. 

(335.) Mr. Fox observes that ores (337.) Even in the irregularities in- 

which transmit electricity have generally cident to the magnetic forces derived 

some conducting material interposed in from the earth we may discern the 

the veins between them and the surface : operation of causes which are periodical 

a structure which appears to bear some in their operation. Thus the diurnal 

analogy to the ordinary galvanic combl and annual changes of the variation 

nations. These electrical currents which of the needle maybe traced to cor- 

pervade mines were found to have vari- responding changes in the position of 

ous and frequently opposite directions in the different parts of the earth with 

different parts of the same mine. regard to the sun, in as far as these 

(336.) The metals are probably not electric currents are dependent upon 

the only substances capable of s:iving solar influence. The progressive changes 

rise to electrical currents in the earth ; in the variation, which embrace longer 

for it is well known that galvanic com- periods of time, are less easily accounted 

binations may be formed by arrange- for, and appear referable to causes which 

ments of elements that are not metallic, act at greater depths below the surface 

(See Galvanism,} 87.) The direction of the earth ; and are probably connected 

of each current will of course be deter- with chemical changes taking place m 

mined by the relative positions of the the interior of the ^lobe, of which we 

elements from which it is derived ; but can possess no certam knowledge, 
even if we suppose the arrangement of (338.) On the whole, then, it must be 

these elements to be fortuitous, a pre- allowed, that there are strong grounds 

vailing current will still result, arising for the t)elief that there subsists lome 

from the difference of their actions ; for mutual connexion, or rather an intimate 

it is infinitely improbable that, without a relation and affinity, between the several 

designed arrangement, the currents in imponderable agents, namely. Heat, 

opposite directions should be exactly Light, Electricity, and Magnetism, 

equal, so as to destroy one another, which pervade in so mysterious a man- 

Irregularities of distribution probably ner all the realms of space, and which 

exist with regard to the. materials com- exert so powerful an influence over all 

posing the interior of the globe ; the the phenomena of the universe. 



Note. Since the above was sent to the press, a paper, by Mr. Faraday, has been 
communicated to the Royal Society, disclosing a most important principle in elec- 
tro-magnetism, of which, I regret, I can only give the following brief statement. 

By a numerous series of experiments, Mr. Faraday has established the general 
fact, that when a piece of metal is moved in any given direction, either in front of 
a single magnetic pole, or between the opposite poles of a horse-shoe magnet, 
electrical currents are developed in the metal, which pass in a direction at right 
angles to that of its own motion. The application of this principle affords a com- 
plete and satisfactory explanation of the phenomena observed by Arago, Herschel, 
Babbage, and others, where magnetic action appears to be developed by mere 
rotatory motion, and which have been erroneously ascribed to simple magnetic 
induction, and to the time supposed to be required for the progress of that induc- 
tion. The electro-magnetic effect of the elective current induced in a conductor 
by a magnetic pole, in conseq^uence of their relative motion, is such as tends con- 
tinually to diminish that relative motion ; that is, to bring the moving bodies into 
a state of relative rest : so that, if the one be made to revolve by an extraneous 
force, the other will tend to revolve with it, in the same direction, and with the 
same velocity. 
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POSTSCRIPT. 

Thi design of the last four Treatises has been to offer a condensed and me- 
thodical work on that important department of Natural Philosophy which com- 
prises the diversified phenomena of Electricity and Magnetism. These phe- 
nomena, which were formerly regarded as the effects of two perfectly distinct 
agents, are now discovered to have an intimate relation to one another, and, 
in all probability, to be dependent on one and the same principle : in like 
manner, as it was found by Newton that the simpler mechanical phenomena 
of the universe are the results of the single principle of gravitation. A suc- 
cinct and connected account of the numerous discoveries which the exertions 
of philosophers have recently brought to light on this highly interesting 
branch of physical science, collected from the various scier tific journals and 
transactions through which they are dispersed, and digested in a didactic 
order, seemed to be particularly wanting, and to be especially calculated 
to further the objects of the Society for the Diffusion of Useful Knowledge, 
In pursuance of this design, I have aimed at giving to the subjects treated as 
much condensation as was compatible with perspicuity. I have endeavoured to 
conduct the student, by a regular progression, from the simpler to the more 
complex topics of research ; and I have also been anxious, by placing con- 
stantly before his view the distinction which exists between ascertained facts, 
and the hypotheses and theories devised for their explanation, to illustrate the 
precepts of Bacon by examples, and to foster that genuine spirit of philosophi- 
cal inquiry by which alone error can be avoided, and truth attained. 

For the many deficiencies which I fear the reader will discover in the 
completion of this design, I have to plead, in extenuation, the very scanty 
portion of leisure, which the continual pressure of my professional duties 
leaves at my disposal. When I undertook this task, at the request of the 
Society, above four years ago, I was far from anticipating the extent of the 
labour it has imposed upon me ; and from the multiplied interruptions to 
which I have been subject, I have been compelled to prosecute the work in a 
desultory manner, and at irregular and uncertiun intervals. 

Since the publication of the earlier Treatises, many valuable researches 
have been made, both in Electricity and in Galvanism, which deserve to be 
recorded in their proper places. This, however, is an inconvenience which, 
in the present age of improvement, must be incident to every scientific 
Treatise ; for while so many accessions are daily accruing to the stock of 
information, it is hardly possible to keep pace with the rapid growth of 
knowledge ; nor can we ever hope to incorporate the whole of the disco- 
veries, which have been made up bO the last moment of publication, in a 
systematic work on any science. To wait till perfection is attained would be 
vain and fruitless presumption ; for the architecture of science has this pecu- 
liarity, that the foundations must be prepared, and the superstructure begun, 
long before the plans and elevations re completed. To posterity will be left 
the task of adding the key-stoue, and of removing the scaffolding which 
interrupts the symmetry of the perfect edifice. 

P. M. ROGET. 
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AcADRMT of Bavaria, prize question, on the 
Analogy between Electric and Magnetic 
forces, proposed by that Academy E. M. 3 

Accumulated electricity, motion of E. 140 

— — in condenser . . E. 193 

— — produces no effect on conductors E. 149 
Accumulation of electricity in plates E. 113 
Achard, his experiments on the acceleration 

of vegetable fermentation by electricity E. 189 

— his experiments on the conducting power 

of ice . . . . E. S3 

Acids, concentrated, light produced by the 
passage of electricity along E. 171 

— sulphuric and phosphoric, their decom- 
position by galvanism . . G. 54 

Acid, sulphuric, concentrated and dilated, 
forming a galvanic circle . G. 85 

Action always attended by a corresponding 
re-action . . . . M. 11 

— of two magnets . . M. IS 

— at a distance, not easily admitted M. 132 
Adhesion of iron filings under the influence of 

a magnet, explained . . M. 26, 28 

Adjustment of the mariner's compass when 

the observer changes his latitude M. 839 

Administration of electricity for the cure of 

diseases . . . E. 1S5, 186 

JBpintUf his rectification of Franklin's theory 
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— examination of the properties of the 
tourmalin . . . E. 196 

— his theory not at variance with the law 

of gravitation . . . E. 239 

— his observations on the advance of the 
neutral point of a fractured magnet M. 65 

— his theory of magnetism . M. It33 

— correction in bis theory . M. 148 

— his method of malcing artificial mag- 
nets . M. I9S 

Aerostatic voyage of Gay-Lussac and Biot, to 
determine the changes of magnetic inten- 
sity . . M.345 

^^ther, weEiher. 

Agents, imponderable . . E. 222 

Agitation of the particles of iron, favourable 
to magnetic induction . . M. 44 

— among the particles of mercury placed 
in the circuit of a powerful voltaic bat- 
tery . . . . G. 107 

Air, a non-conductor of electricity E.20 

— especially if dry and dense . E. 21 

— developes electricity by its friction E. 36 

— compressed by the passage of electricity 
through it . £.91 

— currents of air produced by electrified 
points . E. 95 

— stream of electrified air directed A-om the 
positive towards the negative conductor E. 228 

— more favourable to positive than to ne- 
gative electricity . . E.231 



Air thermometer, electrical E. 156 

— (see Atmoiphere.') 

Alcohol inflamed by the electric discharge E. 170 

— flame of, has a greater conducting power 
with regard to positive than negative elec- 
tricity E. 23S 

— inflamed by galvanism . G. 36 

— decomposed by the voltaic battery G. 54 
Aldinit (Chevalier) his experiments on the ex- 
citation of muscular contractions by gal- 
vanism G.62, 87 

Alkaline salts decomposed by common elec- 
tricity . E. 178 

— — — by galvanism . G. 54 

— solutions employed as the fluid agent in 
galvanic circles G. 75 

— bases transferred to the negative wire G. 47 

— soap conducts negative electricity better 
than positive . E. 232 

AUemand, his description of his sensations on 
receiving an electric shock E. 180 

AUen, Mr. iVm.^ his employment of the bril- 
liant light from voltaic electricity for ex- 
hibiting the kaleidoscope G. 27 

Alloys of iron, their magnetic properties M. 55 
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the|con8truction of mariners' compasses M.349 

— metallic, their thermo-electric proper- 
ties . E M. 315 

Alternations of magnetic poles M. 43 

— repetition of, in the galvanic battery ; 
its influence on the intensity of the elec- 
tric current G. 24 

— influence of. In the thermo-electric bat- 
tery E. M. 319, 320, 321 

Amalgam for an electrical machine, recom- 
mended by Singer E. 61 

— its action chemical • E. 214 

— formed by nitrate of silver applied to 
copper in galvanic and electro- magnetic 
experiments £. M. 87 

Amber, an electric E. 6 

Ammonia, decomposed by voltaic electricity . 54 
Ampire, effects the electro-magnetic rotation 
of a magnet in its axis E. M. 68 

— his experiment in proof of the electro- 
magnetic influence of terrestrial magnet- 
ism ... E.5f. 128 

— his apparatus for showing the dip of the 
needle by electro-magnetism E. M. 133 

— his theory of Magnetism E. M. 30 1 et ieq. 
Amputated limbs convulsed by the application 

of galvanism . 6-62 

Analogy between lightning and electricity E. 219 

— — the torpedo and the voltaic bat- 
tery . G. 89 

Analogies between electricity and magnet- 
ism M. 15, 42, 133, and 161, and E. M. 1, 27 

— not maintained in the case of frac- 
ture of a magnet . M. 61 

Analysis of minerals by galvanism G. 47 
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jtruufogoroi, hit ipecnlations on the nature of 
magnetism . . . . M. 131 

Animal electricity, hypothesis of . . G. 3 

Animal economy, influence of electric agency 
in tlie operations of ihe living system E. Slfi 

Animal substances, when deprived of mois- 
ture, are non-conductors of electricity E. S3 

Animals, Icilled by voltaic electricity G. 59, tfO 

— how affected by electricity E. 180, 182 

— when killed by electricity, patrify ra- 
pidly . . . £.183 

Antimony, its thermo-electric properties E. M.303 

Antheaume^s method of making artificial mag- 
nets . M. 154 

Approximation of two bodies in opposite elec- 
trical states, explained in Franklin's the- 
ory . . . . E. 61 

Arago, his determination of the dip at Pa- 
ris .... H. 116 

— his experiments on the magnetism de- 
veloped by rotation . M. 354,363 

— his discovery of the attraction of iron 
filings by the conducting galvanic wire 

E. M. 149 

— hid employment of a heliacal coil of wire 
to increase the magnetizing power of a 
galvanic wire . E. M. 153 

— his suggestion of electro<dynamic cy- 
linders as substitutes for magnets E. M. 800 

Arc of flame in the galvanic circuit . G. 27 

— of light made to rotate by the action of 

a magnetic pole . E.M. 89 

Arctic voyages, local attraction of ships in M. 24/ 
Armature of magnets . . M. 214 

Arragonite becomes electrical by pressure E. 205 
Arsenic, its influence on the magnetic proper- 
ties of i run when combined with it in 
small quantity . M. 55 

— its effects on nickel . . M. 349 
Artificial magnets, modes of making M.4 , 168 etseq. 
Ascaris, very sensitive to galvanism G. 60 
Ascent of Gay Lussac and Blot In a balloonM. 345 
Aschentrikker, or Tourmaline, electrical pro- 
perties of . . . E. 196 

Astatic conductors • . E. M. 193 

— spiral conductor . . E. M. 232 
Atmospheric electricity E. 217, etseq. 
Atmospheric changes, their influence on the 

magnetic needle . . . M. 285 

Attraction, electric . . E.ft 

— of a neutral body^the consequence of 
induction . . . . £. 39 

— of oppositely electrified bodies, ex- 
plained on the hypothesis of a single fluid E. 46 

— electric, effect of . £. 65, et »eq. 
-— between the wires communicating with 

the opposite poles of the voltaic battery G. 23 
>- of unmagnetic iron by the magnet M. 10 

— between the contrary poles of magnets M. 13 
•— increased by combination of magnets M. 37 

— accompanies induction, and is the con- 
sequence of it . M. 24, 25 

— local, of vessels . M. 243, et seq. 
•~> effects resembling, yet not attributable 

to . . . K.M.39 

•- of parallel currents flowing in similar 
directions . . E. M. 171 

Attractive power of the loadstone noticed by 
the ancients . . . M. 1 

— force equal to the difference of two 
forces . . . . M. 72 

— forces of magnets explained on Ampere's 
theory E. M. 294 

Aurora Borealis imitated by electricity passing 
through hifrhly rarified air £. 90 

-— — its influence on the magnetic needle 

M. 285, and £. M. 4 
Austral polarity . . . Af . 106 

Austral magnetic fluid . . . M. 152 

Axinite, its property of becoming electrical by 

heit . £ 198 

Azimuth compaM . M. 220, 240, and 267 

B. 

Bubhagt?» experiments on the Magnetism of 
rotation • . » • M.d57 



Baeonio, Dr., his galvanic pile composed of ve- 
getable substances G. 87 
Bain, Mr., on the local attraction of ships M. 847 
Balance electrometer . . E. 139 
Balance of torsion E. 74, and Bl. 340 
Balloons, glass, coated, employed for electric 

batteries ... E. 131 

Bars, distribution of magnetism in . M. 164 
Bark of trees becomes electrical by compres- 
sion . . E. 205 
Barhwt Professor, on the changes in the mag- 
netic variation and the dip M. 117, et seq, 

— — on the diurnal oscillations of the 
magnetic needle M. 122 

— — his investigation of the effect of 
local attraction of ships on ^e compass 

M. 248, et$eq, 

— — bis inquiry into the Inflnence of the 
iron in ships upoa the rate of chronome- 
ters M.266 

— — his mode of ascertaining changes in 
the variation . M.286 

— — on the magnetic influence of brass 

on the mariner's compass M.349 

— — on the magnetism of rotation M. 855 

— — experiments on Electro-Magnetism 

E.M.54 

— — his mode of showing the rotation of 
a conductor on its axis by electro-magnet* 
ism ....£. M. 78 

— — his experiment showing rotation by 

a spur wheel E.M. 84 

^- — his imitation of the effects of terres- 
trial magnetism by electrical currents E.M.998 

Barytes, sulphate of, its decompositions by 
voltaic electricity . . G. 47 

Bases of neutral salts determined to the nega. 
tive wire of the voluic battery . G. 47 

Battery, electric, construction of £. 182 

— magnetic . . . M. 211 

— elementary, galvanic • • G. 7 

— invented by Dr. Hare • G. 6. 8 

— Voltaic . . , . O. 10 

— trough . • • 0.16 

— of children • . . G. 18 

— of Hart . . . G. 19 

— of tin and sine . . G. 79 

— effect of an electrical battery in magnet- 
ising needles . £. M. 153 

Bavaria, Academy of, prise question proposed 
respecting the identity of the electric and 
magnetic forces . . £. M. 3 

Beccaritt*t experiment of breaking glass by 
means of electrieity E. 164 

— reduced metallic oxides by electricity E. 174 

— his investigation of the relation between 
electricity and magnetism . E. M. 6 

^tcquerelf on electricity produced by iofiipres- 
sion . . . . £.203 

— on the electricity of solid acids and 
metals .... E. 214 

— his theory of thermo-electricity E. M. 317 
Bees-wax becomes electrical by coagulation £. 192 
Beet- root, galvanic pile composed of discs of 

beetroot . G. 87 

Bells made to ring by electricity . • E. 67 

BenneVs electrometer • E. 73 

-" on the electricity Of powders E. 206 

— doubler of electricity . B. 195 

— employment of a spider's thread for the 
suspension of the magnetic needle M. Si83 

BemouiUU Daniel, his plan of constructing a 
dipping needle . . . M. 301 

Berxefiut., un the difference of the sensation 
produced on the tongue by positive and 
negative electricity G. 58 

Bioi*s experiment shewing the superficial dis- 
tribution of electricity . E. 80 and 81 

— confirmation of Robison's observation 
respecting divergent electricity E. 240 

— experiment on the attraction of the 
wires of a Voltaic battery . G.83 

Blot, his nomenclature of magnetic polari- 
ties . . . . M. 106 

— on the comparative advantages of dif- 
ferent methoda of magnetising steel bars M. 800 
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Slot, his ascent !n the atmosphere, with a 
view to ascertain the magnetic intensity M. 345 

— his researches into the law of electro- 
majrnetic force . E. M. 27 

Birds, effect of electricity on . . E. 182 

Bismuth, its thermo-electric properties E. M.9('d 
Bitumen, becomes electrical by pressure E. 205 
Bleeding at the nose produced by the electric 

shock . , E.180 

Blindness, electricity applied for its cure E. 182 
Blood of animals killed by lightning, does not 

coagulate -, . . . E. 183 

Blue vegetable infusions, reddened in the Tol- 

taic circuit . . . G. 48 

Bodies of animals killed by electricity prone 

to putrefaction . . . E. 183 

Boiling water, heat of, impairs the powers of 

magnets . . . . M. 48 

Boracite becomes electrical by heat . E. 197 
Boreal polarity . . . M. 106 

— magnetic fluid . . . M. 152 
Sostockf Dr., his theory of the decomposition 

of water by galvanism . . G. 105 

Souwird** determination of the Dip at ParlB M. 116 
Brain and muscle composing a galvanic 

circle . ." . . G. 87 

Brass, its magnetic properties . • M. 347 

Brewster, Dr., on Electric Light . E. 88 

— on the electricity of unannealed glass E.S15 
Brilliancy of the light from roltald electri- 
city . . . , G.27 

Brooke f on the discharge of the Leyden phial E.iSO 

— on the length of wire melted by the elec- 
tric discharge . . . E. 167 

Sntgmann, his hypothesis of two magnetic 
fluids . . . M. 166 

Burr on a card, produced by the electric dis- 
charge . . . , E. 160 

Burning sensation from a stream of voltaic 
electricity . . , . G. 57 

e. 

Calamine becomes electrical by being heated E. 198 
Culcareo-siliceous oxide of titanium becomes 

electrical by being heated . E> 198 

Calorific eflfect of galvanism . . G. 100 

Calorimetnr of Hare . . . G. 8 

— the electricity from it is devoid of ten- 
sion ' . . . G. 22 

Camphor, electrical phenomena it exhibits E. 69 

— inflamed by electricity . . E. 170 
Canals, imagined by Euler to exist in the struc- 
ture of iron . . . M. 132 

Candle, its flame directed by an electric stream 
towards the negative con dttctor . £.228 

Cantoftt his experiments on the electricity of 
the tourmalin . . . E. 196 

— his method of making artificial mag- 
nets . . . . M. 191, 205 

Capacities for holding charges of electricity. 

mode of measuring . . E. 13 

Capacity to retain magnetism . . M.42 

Carbonic acid gas, its incapability of maintain- 
ing the action of the electrical machine E. 214 
Carbonate of lead, electrical by pressure E. 205 
Card perforated by the electrical discharge E. 226 

— thrown down towards the negative 
side . . . . E. 227 

Card, moistehed, employed in the fbtmation 
of the secondary pile of Ritter . G. 93 

Cardan^ his alleged reason for the attraction of 
iron by the magnet . . M. 131 

Carlisle, Mr Anthony, ascertains the electrical 
states of the two ends of the voltaic 
pile . . . . G. 22 

•— his discovery of the decomposition of 
water by galvanism . . G, 44 

Cat, fur on the back of that animal, an elec- 
tric . . . . E. 35 

(7aba//o*; electroscope . . £.14 

— his observations on Priestley's experi- 
ment ....£. 147 

— his experiment on the effects of electric 
shocks sent through plants . £. 188 

— his doubter of electricity . E. 2^5 
»» on the electricity of substances "v/hen 

reduced to powder , • £.806 



Cavallo, his experiment in support of the im- 
pulsive force of electricity . . E. 225 

— his experiment illustrative of inagnetic 
induction . . . M. 85 

— his observations on the magnetism of 
brass .... M.347 

— — of copper, zinc, and pi atina M.d48 
Cavendish, points out the defect in Franklin's 

theory of electricity . . E. 48 

— his researches on the distribution of 
electricity in conductors E. 75 

— his discovery of the composition of 
water confirmed . E. 175 

— his views respecting the electricity of 
the torpedo . . . G. 89 

■— his method of determining the magnetic 

variation . M.2S8 

-^ his dipping needle, described . M. 295 
Cells for the construction of the voltaic bat- 
tery . . G. 19 
Cement for the electrical machine F. 61 
Ceylon, the tourmalin found in that island E. 196 
Chain, phenomena produced by the passage 
of electricity between the links . E. 147 
<— diminished in its length by the electric 
discharge . . . £.165 

— composed of alternate links of platlnd 
and silver, experiment with G. 92 

Chalk, pulverised, communicates electricity 
when blown upon the cap of the electro- 
meter .... E.206 

Changes, dlnrnai, of magnetic variation and 
dip . . . M. 115,121, 127 

Charcoal, its condntting power fblr electricity 
increased by heat . E.23 

Charcoal, brilliant light from points of char- 
coal in the voltaic circuit . £.27 

— not susceptible of ignitioh by commori 
electricity . . . G. 37 

— ignited In chlorine gas . G. 28 
Chemical effect of electricity . E. 172, 177 
Chemical theory of galvanism . E. 64, e^ae^. 
Chemical changes produced by voltaic electri- 
city . . . G. 39, et seq, 

Chenevisf on the effects of arsenic in destroy- 
ing magnetism . . . M. 34d 

Children, Mr., his experiments oh the ignition 
of metals by voluic electricity G. 32, S& 

— construction of his great voltaic bat- 
tery . . . . G. 18 

Chlorine gas, ignitlotl of charcoal In G. 28 

Chorea, treated by means of electricity E. 185 
Christiana, Hansteen's observations of the 

diurnal changes in the magnetic inten- t 

sityat .... M,125 

Christie^ S. H., his researches on the influence 
of temperature on magnetism M. 50, et ce^. 

— his nomenclature of magnetic polari- 
ties M. 105 

— - his experiment on the diurnal oscilla- 
tions of the needle M. 122, 125, et seq, 

— his method of observing the magnetic 
variation . . . M. 287 

— his experiments on the magnetism of 
rotation . M. 355, 358 

'— his inquiry into the inflnenbe of the solar 
rays on magnetism . . M. 325 

Chronometers, rate of, on the influence of the 
ship's iron . . . M. 266 

Circles, simple galvanic . . 4 

— compound galvanic . , G. 10 
Circle of glasses . . G. 12 

— galvanic, without metals . G. 87 
Circuit of electricity . . . E. 185 
Circuitous path taken by a magnetic tieedle in 

arriving at its position of equilibrium E. M.34 
Circular currents, electro-magnetic pheno- 
mena of . . £. lif . 226 
Circulation of electricity . . G. 21 
Clay, soft, expanded by electricity , E. 155 
Close rooms, air of, negatively electric E. 24 
Closed circuits, definition of . . lE, 232 
Cloudy weather, electrical state of the atmos- 
phere in . . . E. 281 
Coagulation of the blood prevented by elec- 
tricity . . » E. 188 
Coated glass, receives a charge of electritity &. U7 
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Cobalt gometloies magnetic . . M. 347 

Coercive force of bodies with relation to the 

magnetic fluids . M. 156 

Cohesion of the particles of bodies, opposed 

to electrical repulsion . . £. 153 

— destroyed by electricity . 6. 37 
Coils of zinc and copper employed in the for* 

mation of a simple voltaic battery 'O. 8 

Cold increases the poirer of a magnet M. 50 

Colladon, experiments on magnetic rotation 
successfully repeated with electro-dynamic 
cylinders . . . M.300 

Colour of electric light, various . £.89 

Coloured media, employed in experiments on 
the influence of solar light on magnet- 
ism ... • E.M.330 
Colours acquired by metals subjected to elec- 
tric explosions . . E. 169 

— — transferred to silk and paper . ib, 

— prismatic, exhibited by the light from 
voltaic electricity G. 27 

Column, voltaic, its construction . G. 10 

— electric, deficient in intensity . G. 94 
Combination of oxygen and hydrogen by elec- 
tricity . . E. 175 

— destroys peculiar electric states E. 313 
Combinations of magnets M. 37 
Combustible bodies inflamed by electricity £. 170 
Combustion of metals by voltaic electricity G. 34 

— not the source of the light emitted by 
charcoal . . G. 28 

Communication of magnetism by induction M. 16 
Compensating plates for obviating the influ- 
ence of the local attraction of ships on the 
compass . . * . M. 263 

Compass, Mariner's, benefits derived from its 
invention . • . M. 1 

— variation of the . M. 9, et seq. 

— construction of . M. 220, et seq. 
Composition of water shown by electricity £. % 

— theory of, doubts of its truth G. 105 
Compound galvanic circles . . G. 10 

— batteries . . G. 20 

— — chemical changes taking place in 
fluid conductors . . G. 43 

Compression of air the cause of electric light E.91 

— of bodies developing electricity R. 205 
Concentration of polarities . . M. 232 

— of electro-magnetic effects E. M. 90 
Concussion accelerates magnetic induction M. 44 
Condensation of vapour producing electri- 
city . . . £.202 

Condenser of electricity . . £.193 

— effected by a few plates of the voltaic 
pile . . . . G.22 

Conditions of galvanic action . G. 69 

Conducting power for electricity limited in all 
bodies . . £. 124 

_ — proportional to the area of the sec- 
tion . . E.124 
Conductors and ifon-conductors, distinction 
between them . . E. 19 

— Table of . . . . E.24 

— for lightning . £.221 
Conductor, prime, of an electrical machine E. 58 
Configuration of powders produced by elec- 
tricity . . . . E.211 

Conflict, electric . £. M. 10 

Congelation productive of electricity £. 199, 200 
Connexion between electricity and chemis- 
try .... £.212 
Consecutive points of magnets M. 43 

— — in bars magnetized by electricity 

E. M. 154 
Contact occasioning the developement of elec- 
tricity . . £.203 

— its extent not proportioned to the gal- 
vanic effects . • G. 112 

— of conductors in electro-magnectic ex- 
periments promoted by amalgam E.M. 87 

•— of parts necessary in thermo-electric 
circuit . . . E.M. 315 

Continuity of the electric current from gal- 
vanic combinations, contrasted with that 
from common electricity . 6. 21, 94 

Continuity of currents in different circnm- 
Btances . . . E.M. 176 



Continnity of currents perfect iu case of 

thermo-electricity . . E.M. 321 

Contorted wire acts like a straight wire E. M. 196 
Contractions of the limbs treated by electri- 
city . . . . E. 185 

— of muscles excited by galvanism G. 60 
Convergent magnetic curves . M. 89 
Converging currents, electro-magnetic effects 

of ... . E.M. 204 

Convulsions in a frog from electricity G. 1 

— alleged, produced by the electric shock E. 180 

— in frogs and other animals from gal- 
vanism . . G. 60 

Convalsive twitchings of the muscles from 
electricity . . . E. 181 

Cookt Captain, his observations on the local 

attraction of ships M. 245 

Copper wire diminished in length by the elec- 
tric explosion . . . E. 165 

— sulphate of, decomposed by common 
electricity . . £.178 

— conductors for lightning preferable to 
iron . . . G.221 

— appearance of that metal subjected to 
voltaic electricity . . G. 34 

— plates forming a galvanic combination 
with solution of hydro-salphurets G. 80 

— its interceptive influence with regard to 
magnetism . . £. M. 167 

Cork produces electricity by compression E. 205 
Correction of the Franklinian theory of elec- 
tricity . . E.52 

— of the theory of ^pinus M. 148 
Corteo de Lodif his notion that iron was the 

natural food of the magnet M. 141 

Coulombt on the insulating power of gum-lac 
compared with that of silk . E. 25 

— on the dissipation of electricity E. 26, 27 

— his balance uf torsion described E. 74 

— on the distribution of electricity £. 75, 76, 79 

— his hypothesis of two electric fluids M. 166 

— his process for making artificial mag- 
neto . . M. 194 

— his discovery of the magnetism of bodies 
not ferruginous . . M. 351 

— his inquiry into the source of magnet- 
ism in metals . . . M. 352 

Couronne de tasses . G. 12, 13 

Cover of the Electrophorus . . E. 192 

Criminals, their bodies after execution sub- 
jected to galvanic experiments . G. 62 
Criterion of the species of electricity . E. 99 
Cruickshank*s trough battery . . G. 17 
Crystals exhibiting electricity by being heated E.196 

— of metals deposited in the negative wire 

' in the voltaic circuit . . G. 49 

Cumming, Professor, his galvanometer £. M. 119 

— his table of the thermo-electric relations 

of the metals . . E.M. 311 

— his remarks on the continuity of the 
electric currents . . E. M. 321 

Cuneug, his experiments on the Leyden jar £. 124 
Cure of diseases by electricity . E. 185 

Current, electric, direction of that produced 
by galvanic action . G. 94 

— continuous nature of the galvanic G. 21 

— electro-magnetic action of currents of 
voltaic electricity . E.M. 169, et ieq. 

— terminated . . . E. M. 199 

— diverging . . £. M. 204, e/^e?. 

— electro- magnetic action of currents in 
different places . E.M. 20 

— mutual action of rectilineal and curvi- 
lineal currents . . . £. M. 212 

'— circular . . . E.M. 206 

— terrestrial, their origin . £. M. 299 

— thermo-electric . . E.M. 305 
Curves, magnetic, properties of . M. 80 

— — imitatedby the arrangement of iron- 
filings . . . M. 132 

Cushion of the electrical machine, introduced 

by Winkler . . . £.57 

Cut surface painfully affected by galvanism ib. 
Cuticle impervious to galvanism . . ib» 

C«tA6er<«on'« electrical machine . £.61 

— his observations on the effect of mois- 
ture on the Leyden phial . £. 130 
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Cii/A^£rteon*8 balance-electrometer • E. 139 

— bis experiments on the lengtb of tvire 
melted by tbe electric discbarge . £.167 

— bis experiments on tbe partial oxidation 

of metals by electricity . £173 

— bis experiments on tbe decomposition of 
water by electricity . . E. 175 

Cylinder electrical macbine, described . E. 58 

D. 

D'Jlibard on tbe electrical nature of ligbt- 
ning . . . . £.219 

— bis observations on tbe connexion be- 
tween electricity and magnetism E. M. 6 

Dancing figures, actuated by electricity £. 68 

Darwin, Dr., bis mechanism for constructing a 

doubler of electricity . £.195 

Davy, Sir Humphry, on tbe chemical action 

of common electricity . . £.178 

— on tbe luminous appearance of dia- 
monds when heated . £. 197 

— on the connexion between electricity 
and the chemical properties of matter E. 212 

— his experiments on tbe action of the 
electrical macbine in dlflferent kinds of 
gas . . £.214 

.— on tbe luminous arch produced by gal- 
vanism . . . 6. 27 

— bis mode of protecting the copper bot- 
toms of ships from the corrosion of sea- 
water . . . . G. 42 

— on the decomposition of water by gal- 
vanism . . . . G.46 

— bis table of tbe electro-chemical rela- 
tions of the metals . . 6. 73 

— - — with respect to hydro-sulphurets G. 76 

— his distinction of galvanic circles of tbe 
second class into three kinds . G. 79 

— his experiment by introducing two 
plates of copper in succession into a solu- 
tion of bydro-sulphuret . . G. 86 

— his experiments on tbe electricity of tbe 
torpedo . • . . G.S9 

— on the' transfer of elements in a fluid 

by galvanic action . G. 101 

— his explanation of the mode of transfer 

of elements . . . G. 107 

— on the rapid rotation of the arched 
stream of electrical light by tbe action of 

a magnetic pole E. M. 89 

— on the attraction of iron-filings for the 
connecting wire of a galvanic battery E. M. 149 

— magnetizes steel needles by voltaic elec- 
tricity . . . . E. M. 150 

Deafness, electricity employed for its cure E. 185 
Death of Richman from lightning . E. 220 

— from galvanism . . . G. 59, 60 
•— from the electric shock . E. J82 

— of plants from electricity . E. 18S 
De Boxes on the acceleration of tbe pulse by 

electricity . . . £.185 

Declination of tbe magnetic needle . M. 92 
Decrement of magnetic intensity from beat, 

not regular . • . M.51 

Decomposition of water by electricity £.175 

— — by galvanism . G. 44, 102, 106 

— of alkalies by galvanfsm . G. 54 
De la Rive, Mr. Augustus, on the loss of in- 
tensity by the passage of voltaic electricity 
along different conductors G. 97, ei seq. 

— on the absence of currents in fluid con- 
ductors . . . • G. 104 

— his repetition of Mr. Porrett's experi- 
ments . . . G. 108 

Dela Rive, Professor G., his floating elemen- 
tary galvanic battery for electro-dynamical 
experiments . . . £. M. 96 

— his exhibition of the influence of terres- 
trial magnetism on electric currents E. M. 130 

De Lots, on the electrical nature of lightning E. 219 
De Luc's electrical column . . G. 91 

— — its deficiency in intensity G. 94 
Deoxidating power of electricity E. 174 
Deposit of positive elements in the negative 

surfaceinthe voltaic battery . G. 101 

Derham^s observations on the poles of a split 
magnet • • . M.65 



De Ronefs observations on the magnetic inten- 
sities .... Bf.l02 

Dessmgnes on the electric excitation of metals 
by changes of temperature . £.198 

De Saussure on the electricity developed by 
evaporation . . . £.201,202 

— bis magnetical observations en the Col 

du Geant . . . . M. 345 

Descartes, his theory of vortices applied to 

magnetism . . . M. 132 

Desormes, on the dry pile . . G. 92 

Determination of the stream of electrified air 

to tbe negative conductor . E. 228 

Developement of electricity by heat . £.196 

— — by contact . . E. 203 

— of magnetism by percussion M. 171 
Deviation of tbe mariner's compass occasioned 

by the local attraction of ships, — formula 
for estimating it . .* M. 254, 255 

— its actual amount in several instances 

M. 259, et seq. 

Diamonds, luminous when heated from elec- 
trical excitation . . . £. 197 

Diaphragm, convulsive action of that muscle 
from the electric shock . • E. 181 

Dieman, experiments on the decomposition of 
water by electric shocks passed through it E. 1 75 

Differences in the conditions of the electric fluidG99 

— — of electric currents E. M. 321, 322 
Digestion, agency of electricity in that func- 
tion . . . . G. 64 

Dip of tbe magnetic needle . . M. 96 

— — mode of measurement • M. 97 

— indicated by the conducting wire of a 
voltaic circuit . . . E. M. 132 

Dipping-needle, its construction and use 

M. 289, et seq. 
Direction of the electric fluid in motion 

E. 162, etseq.^E. 224, et seq. 

— of the galvanic current 6. 14, 73 

— of electro-magnetic action E.M. 25 
Directive force, electro-magnetic, its effects 

E.M. 29, et seq. 

— — producing a rotatory effect E.M. 210 

— — magnetic . M. 70, 72 

— power of a magnet, means of communi- 
cating the greatest . . M. 230 

Discharge, electric, from coated glass E. 180 

— lengtb of, circumstances determining E. 141 
Discharging rod . . . . E. 134 

— — Henley's . . . E. 136 

— — Labels . . £.138 
Diseases, application of electricity to their 

cure ..... E. 185 
Disgiiised electricity . E. 107, 110, 113 

Dissipation of electricity, circumstances in- 
fluencing it . . . £.26,27 
Distance, its relation to intensity . £.44 

— — in tbe case of magnetism . M. 66 

— — in tbe case of electro-magnetic ac- 
tion . . . £. M. 27 

— striking . . . E. 87 

— traversed by the electric discharge E. 141 
Distinction between positive and negative elec- 
tricity . . . E. 30 

Distribution of electricity . , £.16 

— — In bodies of various forms £. 75, et seq, 

— — explained on tbe hypothesis of two 
electric fluids . . £.44 

Diurnal changes of tbe magnetic needle M. 121 
Divergence of tbe electric fluid while travers- 
ing air . . . . £. 146 
Divergent magnetic curves . M. 89 

— currents, their electro-magnetic effects 

£. M. 204 
Division of a magnet, phenomena attending 

M. 62, 63 

— — theoretical explanation of these phe- 
nomena . . . M. 148, 163 

Double touch, method of, for making artificial • 

magnets . • . . M. 188 

Doubler of electricity . . . E. 195 

— revolving, applied to ascertain the elec- 
trical condition of tbe poles of tbe voltaic 
battery . . . . G.22 

Downie, Mr. bis observations on the local at- 
traction of ships . . . M.S45 
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Prawlngt by electric explosions • K. 16^ 

Dry pile of Hachette and Desormes « G. 92 
Prynesa of tongue prevents sensation from gal- 
vanisDi . . . . . 6. 5S 

— destroys tlie conducting power of animal 
and vegetable 8ul)8tances for electricity E. 23 

Da Fnjf, diiitinirQishes the two electricities by 
the terms vitreous and resinous . K. 29 
<— hia theory of electricity considered 

E. 41, ei t«q. — 2ii, et seq. 

— — applied to galvanism . G. 4 
J)uhamd*$ method of making artificial mag- 
nets M.lSit^ seq. 

— - — construction of a yariation com- 
pass . . . . M. 280 

E. 
Earth, exerts a magnetic power M. 103 

— its influence on electrical currents E. Ikl. 297 

— origin of the electrical currents circu- 
lating round the earth E. M. 299 

Earths, their bases, obtained by galvanism G. 54 
Earthy salts, decomposed by electricity £. 178 

— bases, transferred to the negative wire G.47 
Earthworm, sensible to the action of galva- 
nism . . * . G. 60 

Eels killed by electric shocks . E. 182 

£gg. galvanic circle formed in eating an egg 

with a silver spoon • * G. 82 

Electrics, definition and enumeration of E.5, 6,80 

— used in the construction of the electro- 
phorus . • E. 192 

Electrical air thermometer . £. 1A6 

— battery . . . E. 132 

— — charged by the voltaic battery G.25 
Electric column of De Luc . G. 91 

— — deficient in intensity G. 94 

— conflict of Oersted E. M. 10, 253 
<»• currents in galvanic combinations G. 5 
— . — their continuity . G. Si— E.M. 321 
o' — altered by parsing through a series 

of conductors . . , G. 97 

-~- — mutual action of . E. M. 169, et seq. 

— discharge . . E. 114 

— T- its magnetizing effects M. 45— E. M. 

152. 166 

•— indnctton . E. 56, 9t seq. 

Electrical fishes . . G.8d 

Electri>-al machines . . . E. d6 

— — their activity derived from chemical 
changes . . . . E. 214 

Electric stone . . E. 196 

Electrical theories of galvanism G. 64, 109 

Eiectriciiy, knowledge possessed by the an- 
cients respecting it . • E. 1 

— derivation of the name . . E. 2 

— general facts relating to . • E. 4 

— cnp-d) e of transference . E. 18 

— may paHs through all substances E. 24 

— its double agency . . £.29 

— laws of Its distribution . . E. 75 
»— accumulated, motion of . E. 140 

— its tffects on bodies . IS,. HS, et seq. 

— — when simply transmitted throueh 
conductois . . . E. 183 

— its acctimulatlon by the condenser E. 1 93 

— its developement by heat . K. 196 
— - spnnraneuns . . . £. 199 
— • its deyelopement by contact of metals E. 203 

— elicitrd by chemical action . E. 214 
~- producing magnetism by its mechanical 

agency . . M. 109 

•— — by its electro<magnetic properties 

E. M. 152 
<*- three different states of electricity in 

motion . E.lil.822 

»- of the glass covering of the mariner's 

compass . . . . M. 221 

— its analogy with magnetism • M 15 

— animal . . . G. 2 

— atmospheric . . . E. 217 
Electro-dynamics . . . E. M. I9i 
Electro-dynamic cylinder . E. M. 106 
Electro-magnetic effect of galvanism . O 38 

— — induction . E.M.14S 

— —• rotations • . E. M. 5;), e£ seq. 

— — theories • E. M. 853, et seq. 



Electro-maenetic mnltiplier . E. M. U3 

Electro-mairnetism. history of the science E. M. 1 

— — its effects on the directive property 

of the needle . . • £. M.89 

Electrnnietor, Henley's • . £.72 

— gold-leaf . . . . E. 73 

— condensing . . . E. 194 

— balance ....£. 139 

— Lane's . . . . £.138 
Electromotive force . . G 109 
Electrophurus, its constmctiou and use E. 198 
Electroscopes . . « . £.12 
Elementary galvanic battery , . G. 7 
Elements of bodies transferred by means of 

galvanism . . • G. 51 

— galvanic circuits , . . G. 69 

— of water, how transferred • G. 102 

— magnetic, defined . AI. 154 
Emanations, magnetic, hypothesis of , M. 132 
Equations of magnetic equilibrium . M. 159 
Equator, dip at . . M. Ill 
Equilibrium of the magnetic needle M. 77 
Ermnnn on the conducting power of the flame 

of alcohol for positive electricity . E. 232 
Ether inflamed by electricity . • £. 176 

— — by galvanism . • G. 36 

— decomposed by galvanism . G. 54 
Euclase, electrical by pressure E. 102 
Euler, his hypothesis on the subject of magne- 
tism . . . . M. 132 

Evaporation of plants by electricity . E. 187 
Evolution of light and heat by electricity, ex- 
plained . . £. 829 

— of heat by galvanism . . G. 29 
Exaggerations in the account of the effects of 

the electric shock . . . £. 180 

Excitation, one of the general facts relating to 
electricity . . . £.5 

— explained on the hypothesis of a single 
fluid . . . . E. 43 

— producing both species of electricity E. 38 
Excoriation producing high sensibility to gal- 
vanism . . G. 57 

Exhaustion of energy of nervous system from 
electricity . . . . £.182 

Expenditare of power in the ordinary electric 
discbarge . . . G. 21 

— — always accompanies its exertion G. 113 
Experiments on electrical induction £. 18 

— - on the electric discharge £.141 

— on electrical attraction and repulsion E. 66 
Explosion, lateral . . £.147 

— electric, breaking glass E. 154 
Explosive effects of electricity sent throuflrh 

air . . . E. 92. 157 

— — of galvanism . G. 25, 37 
Extremities of magnets become their poles M. 149 
Eye affected by electricity . £. 182 
Eyes convulsed by galvanism applied to the 

nerves . . . G. 61 

P. 
Face, impression made by galvanism on its 

nerves . G. 58 

Faraday^s experiment on the influence of heat 

on magnetism . . . M. 51 

— his experiments on electro- magnet- 
ism . . l&.M.&b, etseq, 

~- on the rotation of conductors by terres- 
trial magnetism . . E. M. 141 

— his researches on the production of elec- 
tricity by magnetism . E. AS. 323 

Feather electrified . E. 68 
Feelings on first receiving the electric shock R. 180 

Fermentation accelerated by electricity £. 1S9 

Figure of bead electrified . . £.68 

Figures luminous by electricity . . £.86 

— on paper . . , E 169 
Filing, its effect in impairing magnetism M. 109 
FiliuKS of iron, (see Jron.) 

Filtration of electric fluid, according to De la 
Rive's views . . G. lOO 

Fishes endowed with electrical powers E. 216 G* 88 

Fisher, Mr. G. on the local attraction of 
ships M.266 

Flame of a taper is directed to the negative 
condactor . . • ^ lSi,2i8 
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Flame of alcohol, Itt conducting po«i'«r greater 

with respect to positive electricity E. 282 
Flash of light from i^alvanlsm . 0. 68 

Flexures of conducting wire . E. M. 196 

Flinders^ Captain, his observations on the de- 
viations of the compass from the attrac- 
tion of the ship . . . M. 245 
Float-ivheel of card made to revolve by a 

stream of electricity . E. 22G 

Floating magnet M. 

Floating electro-dynamic apparatus E. M. 96, 108 
Fluate of lime, electrical by pressure E. 205 

— — decomposed by galvanism 6. 47 
Fluid, electric, hypothesis of . . E. 41 
Fluidity required in one of the elements of the 

galvanic circle . . 0. 60 

Fogs generally electrical , , E. M.218 

Forces, law of electric . £. 44. 49 

— law of magnetic . . . M.66 

— magnetic, methods of determining their 
intensity . I1.3\7,0t8eq. 

<— directive magnetic Bf . 70 

— electromotive . • . G. 110 

— coercive magnetic . M. 156 

— electro-magnetic, tangential £. M. SO 

— propelling or dispersive electric E. 168 
Fork of iron, magnetic induction in . M. 40 
Form influences the power of retaining elec- 
tricity . . . £.28 

Formula for catimating magnetic deviation 

H. 254, 255 
•— for determining the dip M. S09, 329, 331 

— for the resultant of directive forces 

M. 826. 327 
<— for determining the direction of the 
electro-magnetic tangential forces E. M . 25 

— — the force of apparent attraction or 
repulsion between a needle and a conduct- 
ing wire . . . E. M. 43, 44 

— of Ampere, expressing the mutual action 

of electric currents . E. M. 188, 189 

Vowler*a experiments on the susceptibility of 
the involuntary muscles to the action of 
galvanism . . G. 63 

F<niirier*8 experiments on compound thermo- 
electric circles. . £. if. 319, 321 
Fracture of a magnet • . M. 62, 63 

— theoretical explanation of the pheno- 
mena . M. 148 and 153 

-~ of glass, the edges defined E. 163 

FrankUn''t experiment of whirling a charged 
conductor in the air . E. 21 

— his theory of electricity E. 48, e£ ieq. 

— — confirmed by the difference in the 
luminous appearances from positive and 
negative points . E. 99 

-> his experiment on the effects of the elec- 
tric explosion on metallic bars . £. 168 

— his discovery of the identity of light- 
ning and electricity . E.219 

— hia electrical theory applied to galvan- 
ism G. 4 

— his theory of electricity applied by iEpi- 
nus to magnetism M. 183 

Free movements of the magnetic needle, their 
nature when actuated by electro-dynamic 
forces . . . E.M. 41 

Freesing mixtures do not intercept the heating 
power of electricity . £. 170 

French Inatitute, commission of inquiry ap- 
pointed to examine Aldini's experiment G. 87 

Friction, one source of electricitv . £. 5 

— excites simultaneously both species of 
electricity . . E. 32 

— the cause of the electricity developed on 
sifting powders . £. SIO 

Frog, convulsed by electrical sparks G. 1 

— its muscles highly sensible to galvan- 
ism . . . . G. 69 

Functions, vital, electr. concerned in aUthe £. 216 
Fur, an electric . . . £.6 

Fusion of metals by the electric discharge £. 166 

— of wires . . . £.167 
;. — by galvanism . • • G. 31 
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Galvani'fl original experiment explained G . 6 

Galvanic action, conditions of . G. 69 

Galvanic circle, simple , . G. 4 

— — compound . , , O. 10 

— pile . . . . G. 10 

— elementary battery . • G. 7 

— current, direction of . . G. 14 

— circles, of two kinds . , G. 73 

— — of the first kind , G.73,etseq, 

— — of the second kind G. 78, et seq. 
Galvanometer . E. M. Ill 

— the frog employed for the purpose G. 60 

— differential £. M. 125 
Oambep*s dippiitg needle . . M. 303 
Gases communicate different colours to elec- 
tric light . E. 89 

— the electricity of . E.201 
Gastric juice, its secretion influenced by gal- 
vanism . G.63 

Oay Lussao, his aerostatic voyage for the de. 
termination of the changes in magnetic 
intensity . . . M 

— his experiment on the comparative mag- 
netic power in steel and nickel . M. 371 

Oemtnat Cornelius, his hypothesis of invisible 

magnetic rays . H. 131 

Gems, their electrical properties E. 6 

Gilbert, Dr., his electroscope . £.12 

— his theory of the magnetism of the earth 

M. 103 
OUberVs patent azimutli compass M. 241 

OilpiH*s table of the diurnal changes of mag- 
netic variation M. 128 
Glass, an electric . . £.6 

— when red hot, conducts electricity £. 23 

— its powers of insulation E. 25 

— coated, retains a charge of electricity £.117 
Glasses, galvanic circle of . G. 12 
Glauber's salt decomposed by galvanism G. 47 
Gold leaf, impressed on paper by means of 

electricity . . £.168 

— — its combustion by galvanism G. 34 

— — electrometer of Bennett . E. 73 

— — affected by the voltaic pile G. 22 

— — • gaivanoscope E. M. 127 
Graham, his mode of measuring magnetic in- 
tensity by the oscillations of the needle M. 101 

— his discovery of the daily change of va- 
riation . . . M. 121 

Cfrajf, on the electrical nature of lightning K. 219 

OriffithSf his apparatus for exhibiting electro- 
magnetic rotations £. M. 65 

Grotthus, his explanation of the modeof trans- 
fer of elements by galvanism , G. 107 

Gum- lac, an electric . £.6 

— Coulomb's experiments on its insulating 
power . E. 25 

— becomes electric on congelation £. 199 
Gunpowder fired by electricity . £170 

— by galvanism . . . G.36 

H. 
HachctUt dry galvanic pile proposed by G. 92 
Hail generally attended with negative electri- 
city . . . £.218 
Hair, human, its power of insulation E. 25 

— produces electricity by compression E. 205 
Bailey i Dr. his hypothesis respecting the vari- 
ation of the compass . M. 120 

Hammering, its effects in quickening the pro- 
gress of magnetic induction . M. 4^ 

— these effects explained . M. 146 
Han^teen^ Professor, his observations on the 

variation in the intensity of terrestrial 
magnetism . 1^1. 102 

— — observationii on secondary magnetic 
poles . . . M. 114 

— — on diurnal .changes of intensity 

M. 125, 126 
Hardness proportioned to the power of retain- 
ing magnetism . M. 54 
Harris, Mr. W. S., bis experiments on the 

magnetism of rotation M.364, etseq, 

Hatchett, Mr. Charles, on the magnetic pro- 
perties of alloys of iron M. 349 
Hairet Dr., construction of his calorimeter G. 8 
Uart^ Mr., construction of his galvanic battery G, 19 
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Saiy't electroscope . . . E. 12 

— on the effect of heat in destroying the 
electricity of the toarmalin . E. 196 

— on the electricity of the topaz E. 198 

— on the electricity of Iceland spar pro- 
daced by pressure . . E. 205 

Hawksbee, Dr., the inrentor of the electrical 

machine . E. 57 

Heart, influence of galyanism on its action G. 63 

Heat evolved by electricity . E. 166 

•— proportioned to the resistance to the 

transmission of electricity E. 170 

— its effect in rendering the tourmalin elec- 
trical E. 196 

— its influence on magnetism M. 46. et seq. 

— its operation on magnetism is of tiro 
kinds . . M. 49 

•~> effect of a white heat on a magnet M. 53 
•^ its effect in inducing and destroying 

magnetism ... M. 109 

•^ theoretical vievrs of its operation M. 147 

— its evolution by galvanism 6. 29, 30, 31 

— its great intensity 6.. S3 

— the direct effect of the electric current G. 37 
Hecla, eruption of that volcano affecting the 

compass . . M. 285 

Hedysarum gyrans, the spontaneous motions 
of its leaves not affected by electricity E. 187 

Height above the surface of the earth, mag- 
netic intensity ascertained M. 345 

Helix, properties of a conducting wire coiled 
into a helix . £. M. 101 

Heliacal coil, induct, of magnetism by it E. M. 153 

— rotations, electro-magnetic E. M.llO 

— and rectilinear conductors, mutual ac- 
tion of E.M.234 

Hemorrhage from the nose produced by the 

electric shock . . E. 180 

Henlep's electrometor . . E. 72 

— discharger . E. 186 
Henry t Dr. Wm., on the mode of the transfer 

of elements throagh fluids by galvanism G. 107 

— Professor, on the induction of magnet- 
ism by voltaic electricity E. M. 161 

Hertckely Mr., on the violent motions of mer- 
cury by galvanism G. 107 

— on the magnetism of rotation M. .357, ei acq. 
Hexagon, of bars of bismuth and antimony, 

forming a thermo-electric series £. M. 317 
Horizontal battery . . G. 16 

Horse-shoe magnets . M. 209 

— employed for electro-magnetic rotations 

E.M.82 

— magnetized by a coil of conducting wire 

E. M. 156 

— explanation of their action on Amp^re^s 
theory . E. M.290 

Horticultural improvement, projects for, by 
means of artificial electricity E. 187 

Hudson's Bay, magnetic pole of the earth in 
the neighbourhood of . . M. 114 

Humboldt, Baron, his experiments on the 
effects of galvanism on various kinds of 
worms . . . G. 60 

— — on the action of galvanism on the 
involuntary muscles G. 63 

— — on the variation in the intensity of 
terrestrial magnetism M. 102 

— — his observations on the magnetic 
dip at Quito . . . M. 882 

Humid air a conductor of electricity E. 22 

Hydro-electric currents E. M. 305 

Hydrogen evolved from water by galvanism G. 44 

— obtained from water by electricity E. 175 

— prevents the action of the electrical 
machine . • . E. 210 

Hydro-sulphuret, the electro-chemical rela- 
tions of the metals with regard to them G. 76 

— their effects in galvanic combinations G. 81 
Hubner, Professor, on the analogy between 

electricity and magnetism £. M. 3— M. 130 
Hypotheses, their utility in physical sciences E. 40 

— in explanation of electrical phenomena 

by two fluids . . E. 41 

— by a single fluid . . E. 48 

— relating to magnetism M. 131, et seq. 
'— of the magnetic action of the earth M. 103 



Hypothesis of Professor Barlow reapeetlog the 
uniform motion of revolution of the mag- 
netic pole of the earth . M. 117 
•— of Oersted, with regard to electro-mag- 
netism ... E. M. 2.'>3 

— of WoUaston . . E. M. 237 
•— electro-dynamic of Ampire E. BI. 263, et seq. 

I. 
Ice, its conducting power varying according 
to the temperature E, 23 

— electric sparks from ice set fire to bo- 
dies . . . E. 170 

Iceland spar becomes electrical by compres- 
sion . . . E.205 

Ignition of platina wires by WoUaston's ele- 
roentary galvanic battery 97 

— of metals by galvanism G. 31, et seq. 
Illuminating power of the light from voltaic 

electricity . . . G.27 

Imagination, fallacy of, in new sensations E. 184 
Impediments to the free transmission of elec- 
tricity, its effects . . E. 145 

— obstructing the motion of the magnetic 
fluids in iron . . . M. 156 

Imponderable substances . . E.222 

Impression made on the retina by the action 

of galvanism on the nerves of the face 6. TiS 
Impulse of the electric fluid in its passage in- 
ferred from various phenomena E. 224 
Impurity in iron, its effects on magnetism M. 55 
Inclined currents, their electro-magnetic ac- 
tion ... £. M. 182 
Induction of electricity . . £.37,38 

— produces the attraction of neutral bo- 
dies . . . £.39 

— explanation of, on the hypothesis of two 
electric fluids . E. 47 

•— on the hypothesis of a single fluid E. 53 

— consequences of . . £. 101 

— experimental illustration of . E. 102 

— magnetic . . . M. 16 

— inversely as the distance, and directly 

as the length of the bar . M. 28 

— complex . . . M. 32 

— counteracting each other . M. 38 
-— by linear juxtaposition . M. 39 

— in fork-shaped iron . . M. 40 

— progress of, and circumstances accele- 
rating - . . . M. 43, 44 

— susceptibility to, in different kinds of 
iron and steel . . . M. 60 

— explained . . . M. 142 

— consists in affections of each successive 
particle . . . M. 151 

— theory of . . . Bf.369 

— by means of electricity . E. M. 148 
Inductive power of the earth . M. 107 
Inflammation of combustible bodies by elec- 
tricity . . . E. 170 

Inflammable bodies, action of galvanism on 
them . . . G. 36 

Ingenhouxy Dr., the inventor of the plate elec- 
trical machine . . E. 61 

— his experiments on the influence of elec- 
tricity on vegetation . E. 187 

Intensities of different forms, of electricity 

compared . . ' . E. M. 125 

Intestinal worms affected by galvanism G. 60 

Instruments, electrical . E. 191, et seq. 

— magnetical . . tX.^\9, et seq. 
Insulation, electrical, explained E. 11, 20, 21 
Insulating stool, its use in the medical appli- 
cation of electricity . . £.186 

Insulator, one of the parts of the electrical 
machine . . . £.56 

Insulating power of alkaline soap greater for 
positive than negative electricity £. 232 

— of gum lac, compared with glass E. 25 
Intensity of voltaic electricity very small G. 21 

— proportional to the number, and not to 
the surface of the plates composing the 
voltaic battery . G. 24 

— increase of, in the successive plates of 
the voltaic battery explained . G. 70 

— of voltaic electricity, circumstances re- 
gulating it , . G. 94| et seq. 
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Intensity of heat produced by galranisni G. S3 

— of electric forces with relation to dis- 
tance . . . £. 44, 49 

— - of magnetic forces with relation to dis- 
tance . . If . 66 

— of electro-magnetic forces with relation 

to distance . . E. M. 27 

— of terrestrial magnetism in different 
parts of the earth . . M. 100 

-— dinrnal changes it experiences M. 121 

— of magnetic forces, methods of deter- 
mining . . M.Si7,etseq. 

— mode of estimating the absolute force M. 341 
luterceptive power of substances with regard 

to magnetism . • M. 359 

— of cupper . E. M. 167 
Interposition of bodies does not intercept the 

influence of magnetism . H. 67 

Involuntary muscles affected by galyanism 6. 63 
Iron wire diminished in length by the electric 

explosion . E> 165 

— conducts the whole electricity of a thun- 
der-cloud . . . E. 151 

— inferior to copper in its conducting 
power of electricity . . £.221 

— different qualities of different kinds of 
iron with respect to its magnetic suscepti- 
bilities . . M. 41, 43, 54 

— in ships, effects of its attraction on the 
compass . M. 243* et seq. 

— ignited by galvanism 6. 25, 31 

— in contact with mercury, emitting bril- 
liant sparks in great abundance . G. 35 

— follows a different order in its electro, 
chemical relations with acids and with 
alkalies . G. 75 

Iron filings, attracted by the magnet M. 10 

— arrange themselves in curves of a pecu- 
liar kind . . . M. 85 

— their curvilineal arrangement suggested 
the hypothesis of magnetic emanations M. 132 

— their attraction by the conducting wire 

of the voltaic battery . £4 M. 149 

— accumulated by a spiral coil of wire E .M. 163 
Irregularity of terrestrial magnetism . M. 113 
Irritability, theory of, derived from the ana- 

logy of galvanism . . G. 1 

Isodynamic lines on the earth, with reference 
to magnetic intensity . • M. 102 

— their use in the theory of terrestrial 
magnetism . M. 114 

Ivory t Mr. James, his researches on the distri- 
bution of electricity . . £.75 

J. 
Jar» Leyden . . > . £. 124 

Jaws, muscles of, excited to contraction by 
galvanism, so as to perform the move- 
ments of mastication . . G. 61 
Joints, reason of the sensation from the elec- 
tric shock being felt in the joints E. 181 
Jointed discharger of electricity . E. 134 
Juxtaposition, magnetization by M. 175 

K. 

Kcterntx on the increase of power obtained by 
multiplying the coils of the wire of the 
galvanometer . . E. M. 122 

Kaleidoscope exhibited by means of the bril- 
liant light from voltaic electricity G. 27 

Kater, Captain, his experiments on the influ- 
ence of pressure in magnetizing steel 
bars . . . . M. 199 

Kinnersley's electrical air thermometer E. 156 

Kite employed by Franklin to bring down 
electricity from the clouds E. SI9 

KleUVs experiments on the Leyden jar £. 124 

Kujiffer's researches on the magnetic intensi- 
ties at different heights . M. 346 

— on different methods of making arti- 
ficial magnets . . M. 201 

— on the best kind of steel, and the form 
most proper for the mariner's com- 
pass . . . M. 227, et $eq. 

— his azimuth compass . M. 272 

— his verification of Barlow's experi- 
ments . « • , M. 255 



L. 
Lac, gum. (See Oum.lac.') 
iMgrave^s galvanic pile of alternate layers of 

human brain and muscle . G. 87 

Land compass . M. 220, 241 

Latu^t discharging electrometer . E . 158 

Lapis electricus, or tourmalin. Its electrical 

properties . . . £. 196 

Laplace noticed the production of electricity 

by vaporization . K. 201 

— his experiments on the development of 
electricity during chemical action E. 214 

Lateral explosion of electricity £.147 

Laughter, involuntary, produced by the elec- 
tric shock sent through the diaphragm £.181 
Lavoisier observed the production of electri- 
city by chemical action . • E. 214 

— on the electricity developed by vapori- 
sation . . . . £. 301 

Law of electrical action . £.30 

-- of the action of the two electric fluids £. 44 

— of magnetic force . M. 66 

— of elect.-magnet. forces E.M. 20,37, 179, 180 
Lead, phenomena of its combustion by gal- 

vanism . . . . G. 34 

— carbonate of, its property of becoming 
electrical by pressure . £. 205 

Leaves of the mimosa and hedysarum, effects 

of electricity on them . E. 187 

LebaillH^s galvanometer £. M. 133, 123 

Leech, its sensibility to galvanism . G. 60 

Lemerf/t his observations on the electricity of 

the tourmalin . . £. 196 

Lengths of wires of different metals fused by 

electricity . . £. 166. 167 

Lernsea, how affected by galvanism . G. 60 
Leyden jar . . . E. 124 

— medical effects of . . £.185 
-- battery . . E. 152 

Lichtenbergt Professor, experiment with differ- 
ently electrified powders . £.311 
Life of plants destroyed by electricity E. 88 
Light, electric . . £.10 

— developed on the separation of electrics 

in opposite states of electricity E. 34, 315 

— exhibited during the passage of electri- 
city along interrupted conductors £.83,84,171 

— its peculiarities . E. 88 

— occasionedby the compression of the air E. 91 

— properties of crystals, with regard to 
light, intimately related to their electrical 
properties . . E. 198 

— an argument for the materiality of elec- 
tricity . . . • E. 223 

— from voltaic electricity . G. 26 

— apparent flash of light ft'om impression 
made on the nerves of the face . G. 58 

— arc of light made to revolve by the influ- 
ence of a magnetic pole . E. M. 89 

— solar, its influence in inducing mag- 
netism . . . E. M. 3S5 

Lightning, its divergent and irregular course E.146 

— promotes putrefaction . £. 183 

— discovery of its electrical nature by 

' Franklin . . . £.219 

— conductors . . . £.221 

— its magnetizing effects £. M. 4 
Limbs, amputated, subjected to the action of 

galvanism . . G. 63 

— contractions of, treated by electricity E. 185 
Lime, fluate of, rendered electrical by pres- 
sure ....£. 205 

— decomposed by galvanism . G. 47 
Line of no variation . . M. 93 
Liues, traced on glass by the knob of a charged 

jar, attract particular kinds of powderj E.211 
Liquefaction attended with the development 

of electricity - . E. 199, 200 

Liquids, electricity produced by the friction of 

liquids . . . . E. 36 

— have no electro-motive force, but act in 
the galvanic circle merely as conductors 

of electricity . . . G. Ill 

Living system, agency of electricity on the E. 216 
' — powers, effects of electricity on E. 180 

Loadstone ... M. 1, 2, 59 

Local attraction of vessels . M. 243, et seq. 
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London, variation in,ita progreuWechangei M.U5 
•>- dip in, its channes . . M. U6 

— Institution, batUry at . 6.9 
Lorimer's mariner's compasa . M. 294 
JjuUin*s experiment on the expansion of oil by 

electricity . . . E. 154 

— experiment on the pvforation of a card 

by electricity . E. 159 

Luroinont appearances from electricity, (iiee 

Light.) 
Lyncuriuro, the name given by Tbeopbraatos 

to the tourmalin . • £.196 

M. 

Machines, electrical « * E. 56 

Magnet, native . M. 3 

— considered as an aggregate of magnetic 
elements . • . M. 149 

— constitution of . . E. M. 267 
•» temporary . . £. M. 156 
•~ imitation of, by electro-dynamic cylin- 
der . . . £. M. 107 

Magnetic attraction and repnlsioa explained 
on Ampere's theory . £. M. S94 

— curves, properties of M. 80 
— - methods of delineating them M. 83, 84 

— system of rulers invented by Dr. Roget 
for describing these curvet M. 83, «at« 

*- direction defined . . M. 97 

— elements defined • . M. 164 
^ equator defined . . M. 98, 99 

— fluid, hypothesis of . M. 132 
«— force, law of . M. 66 

— forces acting upon a aeedla balanced on 

its centre . . . M. 317 

— - iron, its attractive and repulsive 

powers . M. 13, tt teq. 

— meridian defined • . M. 92 
— - plane defined . . M. 77 
~- position defined . , M. 97 

— susceptibility and retentiveness M. 41, 42 
Magnetism, general facts and principles li.l.etseq. 

— definition of . M. 3 

— analogy of* with electricity M. 15, 42, 133, 

161— E.M. 1,27 

— affected by differences of temperat. M . 46,48 

— destroyed by intense heat , M. 147 

— Impaired by certain positions M. 109 

— induced by lightning and by electri- 
city . . . E. M.4. 5 

— of rotation • M. 854, e< seq. 

— terrestrial . . M. 91, 103 

— theory of, by Amp^e £. M. 289^ et stq. 
Magnetization, modes of . . M. 4 

— by percussion . . M. 171 

— by juxtaposition . . M. 175 

— by single touch • . M. 178 

— by double touch . M. 188 

— of needles by voltaic electr. £.M. IbO^etseq. 

— by common electricity £. M. 152 
Mariner's compass. (See Compass.) 
Manganese, black oxide, employed in the con- 
struction of the dry pile of Zamboni G. 92 

Marianini on the maximum of effect in propor- 
tioning the surface of tKe copper to the 
cine in the voltaic battery . 6. 96 

Marsh^h'ia electro- magnet, apparat. E.M.80, 83,99 
Materiality of electricity discussed £. 162, 222 
Mayer* s dipping needle . • M. 304 

Mechanical effects of electricity . £.161 

— due to the action of the air E. 232 

— operation of electricity in producing 
magnetism . . . M.45 

— effects of galvanism . . G. 37 

— agitation, its influence on the magnet M. 146 
Medical administration of electr. £. 145, 185, 186 
Medial line defined . . E. M. 181 
Melting of metallic wires by electricity £. 166, 167 

— by galvanism . . G. 31 
Mercury, electricity produced by its friction £. 36 

— phenomena produced by iron in contact 
with . . . G. 85 

— violent agitation of, by electric cur- 
rents . . . G. 107 

•<- magnet floating on . . M. 9 

— nitrate of, employed to secure metallic 
contact • » , . £.M.87 



Mercury, moda of cleaning • • M. ft 

— action of electric current* passing 
through . E.M.88 

— employed as an intermedium in thermo- 
electric experiments E. M.31S 

Memory, loss of, produced by an electric 

shock . . . E. 182 

Meridian, magnetic . . M, 92 

Mesotype becomes electrical by pressure M. 198 
Metals, order of their electro-chemical rela- 
tions with acids . . . G.73 
•— order of their electro-chemical relations 
with hydro-stilpburets . . G.76,81 

— their combustion by galvanism . G. 34 

— order in which they are ignited by galva- 
nism . . . . G.32 

~- their galvanic order different under dif- 
ferent circumstances . • G. 112 
Metallic bases transferred to the negative 
wire . . , G. 47 

— leaves burned by galvanism • G. 25 

— rods for conducting lightning . £.221 

— salts decomposed by electricity £. 178 

— solutions, deposit of metal ff om Q. 49 

— wires fused E. 166, 167 
Meteorology, its connexion with electricity E. 217 
Mica, plates of, when separated, exhibit elec- 
tricity . . . E. 215 

Mice, killed by electricity . E. 182 

Microscope, the light from galvanism employed 

for illumination . . . G. 27 

Middleton^ Captain, on the affection of the 

compass by cold . . . M.51 

Mimosa pudica, its leaves collapse by electric 

sparks .... £.187 

Mitcheirs method of making artificial mag- 

nets . . . M. 188 

— dipping needle , . . M. 293 
Moisture facilitates spontaneous discharges of 

electricity . . . . E. 130 

— - affects the insulating power of air £.22 

— essential to the impression of galva- 
nism on the tongue . . G. 58 

JfoU, Professor, bis experiment on the tempo- 
rary magnetisation of iron by voltaic elec 
tricity . . . E. M. 157 

Momentum of the electric fluid . £.229 

Monge's explanation of the apparent decompo- 
sition of water by galvanism . G. 105 

Morgan, his experimeots on the insulating . 
powers of a vacuum . . E. 31 

— his experiment of breaking glass by 
electricity • . . . E. 154 

— on the action of the electric shock on the 
diaphragm . . . . E. 181 

Morichini on the influence of solar light in in- 
ducing magnetism * . E.M.325 
Moser on magnetisation by means of light E. M.33 1 
Motion, vibratory, its influence in promoting 
induction, and impairing magnetism M. 44 

— motion of accumulated electricity M. 140 
Motions of mercury by means of galvanism G. IO7 

— of the conducting wire when inflnmed 

by a magnetic pole . . E. M. 138 

Moveable doubler of electricity E. 195 

Movementa, electro-magnetic, in free space 

£. M. 41 
Multiplier, electro-magnetic . £. M. 113 

— of electricity . . . E. 195 
MultipllcHtion of intensity in the voltaic pile G. 10 
Murray, Mr. Jphn, on the gradual increase of 

temperature in the successive ceils of the 
voltaic battery . . . G. 30 

Muschenbroeck on the Leyden jar . £. 124 

— on the sensations produced by the elec- 
tric shock . . . £. 180 

Muscle and brain, in alternate layers, com- 
posing a galvanic series . G. 87 
Muscles of frogs, affected by electric sparks G. 1 

— voluntary, acted upon by galvanism G. 60 
•— involuntary, Influence of galvanism on 

them .... G.63 

Muscovy glass, electricity exhibited on sepa- 
rating its leaves . . £.215 
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iV<a;ni0*«exp«rimentonthediininQtioooflepgtli 
\n a chain by an electric discharge E. 165 

— construction of a dipping needle II. 293 
Nais, affected by gaWaniHOi . • 6. 60 
Naphtha inflamed by galvanism . 0.36 
Natural electrical state defined E. 41 

— quantity of magnetic fluid defined M. 136 
Navigation, advantages it has derived from 

magnetism . . . • M. 1 

Needle, magnetic poaitiona of , M. 69 

•<- — influeuced by the conducting wire 

£. Bf . 10, et seq. 
•- umnagnetic, magottlsed by aolar light 

EM. 326 
Negative electricity . . £. 49 

T- — in points, givca ri«e to a star of 
light . . . £.97 

— pole of the voltaic battery . 6. U 
.— wire collects the metallic and earthy 

bases and separates oxygen £. 178 

— magnetisation, defined . E. M. 164 
Nerves, optic, and nerves of the face, effect of 

galvanic impressions on . . G. 58 

•— motory, action of galvanism on G. 60 

•— and muscles arranged alternately, com- 
pose a galvanic series . . G. 87 
Nervous system, effects of electricity on £. 180. 18:2 
Neutral bodies attracted by previous induc- 
tion . , . £.110 
r~ point in a magnetic bar . M. 10 
•— — progressively advances . M. 65 

— salts decomposed by electricity E. 178 

— — — by galvanism . • Q. 47 
Neutrality in electricity defined . E. 235 

— in magnetism . , . M. 136 

— plane of. defined . . M. 79, 249 
Neutralisation of induced magnetism M. 38 
Newtonian law of gravitation, not inconsistent 

with the Frankliniau theory of electricity £.339 
iire;<?ton'« powerful magnet . E. M. 162 

Nicholson** distioguisher of electricity £. 100 

— doubter of electricity . . £. 195 

— ascertains the electrical states of the 
poles of the voltaic pile G. 32 

— experiments on the decomposition of 
water by galvanism • G. 44 

Nickel, its magnetic properties . M. 347 

Nitrate of mercury employed to secure me- 
tallic contact between copper wires and 
mercury . . £. M. 87 

— of silver decomposed by galvanism G. 50 
J^oii/i'« gal vanometor • . E.M.I 19 
Nodes of the terrestrial magnetic equator M. 99 
NolUVs experiments to determine the distance 

through which the electric discbarge could 
pass . , . £.141 

— his experiments on the increase of per« 
spiration from electricity . £• 219 

Non-conductors the same as electrics . E. SO 
North-pole of the earth has the properties of 

the southern polarity . . M. 104 

Norman the discoverer of the dip . M. 97 

Northern magnetic poUrity . M. 14, 15 

Nostrils moved by galvanism . . G.61 

Nifsten's experiments on the influence of gal- 
vanism on the involuntary muscles . G. 63 

O. 

Obliquity of the electric currents in mag- 
nets . . . £. M. 382 
Ob^tructions, remedied by electricity £. 185 
Odour of electricity . ' . £.93 
Oersted, his great discovery . E. M. 9, et seq. 

— his theory of electro-magnetism E. M. 25a 

— his experiments explained on the elec- 
tro-dynHmic theory . . £. M. 312 

— bis experiments on compound thermo- 
electric series . E. M. 319, 321 

Oil, influence of the contact of oil in breaking 
glass by electricity . . £.163 

— its inflammation by electricity . £.170 

— electric spark passed through it £. 171 
Oils infiame<i by galvanism . • G. 36 

— decompoited by galvanism . G. 54 
Optic nervct impression made on it by galva- 
nism . • • . G. 58 

Order of the metolsi galyanic « G. 73, 76 



Order of the metals, therqio-electric E. M. 311 
Organs, electrical, of fishes , R.88 

Orrery, electrical . . . E. 95 

Oscillations of the magnetic needle, their fre- 
quency a measure of magnetic intensity 

M. 10 L. 324 
Ox, head of, subjected to galvanic action G. 61 

— and frog, parts from these animals 
forming a galvanic combination . G. 87 

Oxidability of the metals, order of, corre- 
sponds with that of their electrical rela- 
tions . . E. 212 

Oxidation accompanied with the evolution of 
electricity . . E. 214 

— of metals produced by electricity E. 173 

— of iron, the degree of, influences its sus- 
ceptibility of magnetism . M. 55 

«• has no share in the production of 
thermo-electricity K. M. 318 

Oxide of manganese employed in forming a 

dry pile . G. 92 

Oxygen and hydrogen obtained from water by 
common electricity • . £.175 

•— by galvanism . . G. 44 

— separated by the negative wire . £. 178 

P. 
PaetXf his experiments on the decomposition 

of water by electricity E. 175 

Pidn of the electric shock, exaggerated £.180 

— — felt In the joints . . £.181 

— relieved by electricity . . E. Ib5 

— aching, produced by galvanism • G. 57 
Palsy, application of electricity in . E. 1S5 
Paper, when dry, an electric . . E. 6 

— torn by electricity . • E. 168 

— pierced by the electric shock . E. 160 

— impressed with colours . . £. 169 
Paradox, apparent . £.176— E. M.34 
Parallel currents, their electro-dynamical pro- 
perties . . . E. M. 169, ef «eg. 

Paralysed liinbs, their muscles affected with 
convulsive motions by electricity £. 181 

Paris, line of no variation and dip at M. 115 

Parry^s observations un the local attraction of 
ships in the Arctic expeditions . M. 247 

Particles of bodies separated by electricity E. 152 

— — by galvanism . . . G. 87 
Passage of electricity through bodies, its 

effects ....£. 148, 150 
Pencil of electric light issuing from positive 
points . . . . E. 97 

— of charcoal not ignited by common elec- 
tricity . . . G. 37 

Pendulum, vibrations of, analogous to the os- 

dilations of the magnetic needle £. M. 31 

Pepys, Mr., his voltaic buttery . G. 9 

Percussion, its influence on magnetism 

M. 44,57. 171 
Perforation of a card by the electric diacharKf 

£.159, 163,226 

— of the magnetic needle, its influence un 
the properties of the compass M. 236 

Periodical alternations of positive and nega- 
tive magnetization . . £■ M. 163 

Permanent magnetism of steel M. 41, 42, 145 

^ — — impaired by heat . . M.49 

Perpetual motion, conditions required for G. 113 

Pewter pot, galvanic circle formed by drinking 
porter out of G. 80 

Pfaff, his experiments on the charge commu- 
nicated to an electric battery by a voltaic 
pile . . . G. 27 

Phenomena of chemical action in the voltaic 
pile . * . . . G. 41 

Phial, Leyden, its construction . E. 124 

— — its piedical uses £.185.186 
Phosphorescent odour of electricity . £. 93 
Phosphoric acid decomposed by galvanism G. 54 
Phosphorus inflamed by electricity . £. 170 

— experiment with . K. 228 

— in iron, its influence on magnetic sus- 
ceptibility . . . M. 55 

Physiological effects of eleptricity . £.180 

— or galvanism . . . G. 55 
PileofVolta . . . . G. 10 

— of De Luc . • • • G. 91 
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Pile, dry . . • 

— secondary 

Pitch, inflamed byelectriclty 
Pith- balls nsed as electroscopes 

— experiment with 



G.92 
6.93 

E. 170 
£. 15, 16 

£.225 



Pits on the surface of electrified bodies pos- 
sess no electricity . . . E. 79 
Planes of neutrality, and of no attraction M. 25U 
Planetary motions imitated . . E. 95 
Plants, effects of electricity on E. 187, ^^ <^9' 
Plate electrical machines of Dr. Ingenhouz 

and Cnthbertson . . . E. 61 

Plates, parallel, forming a condenser E. 194 

— iron, peculiar magnetization of . M. 31 

— distribution of magnetism in . M.164 
Platina, its friction with glass evolves no elec- 
tricity . . . E.2I4 

— wire ignited by galvanism . 6. 7, 31 
Points allow of the ready escape of electricity E. 28 

— concentration of electricity in E. 83, 94 
Point, fine metallic, obtained by Dr. Wollas- 

ton . E. 177 

Pointed rods for conductors of lightning K. 221 
Foisson on the distribution of electricity £. 75 

— on the theory of magnetism 

M. 154, 166, 344, 371 

Pokers, magnetic polarity of M. 57 

Ponderable matter, varieties of . . E. 222 

Perspiration, insensible, promoted by electri- 

city f. . . . E. 184 

— of plants, influence of electricity on E. 187 
Polar regions, dip considerable in . M. 98 
Polarities, names of the two . . M. 105 
Polarity, magnetic, defined . . M. 6 

— - may be considerable, while the attrac- 
tion is feeble . . . M.72 

— explained . . • M. 110 

— of magnetic particles . . M. 149 
Polarization of electric lifsht . . £.88 
Poles, the attraction and repulsive forces 

emanate from the poles of the magnet M. 10 

— plurality of, in the earth , M. 113 

— series of consecutive, in a bar . M. 144 

— of an electro-dynamic cylinder E. M. 236 
Polish, its influence on the directive power of 

the npedle . . . M. 231 

Porreti,\us experiment ivith membranous com- 
partments interposed in fluid conductors G. 108 
Porter, taste of, influenced by the nature of 

the vessel out of which it is drunk . G. 80 
Positive electricity defined . . E. 49 

— — characterized by a pencil of light E. 97 

— ])oles of the voltaic battery . G. 15 

— wire collects acids . . E. 178 

— magnetization defined . £. M. 164 
Position, its influence on magnetism M. 109 
Potash, sulphate of, decomposed by galva- 
nism . . . G. 48 

Powder, reduction to, influences the conduct- 
ing power of bodies . . £.28 
Powders produce electricity by falling on a 

metallic plate . . . E. 206 

Prehnite becomes electrical by heat £.198 

Preservation of magnets, directions for the M. 212 
Pressure giving rise to electricity . E. 205 

Prmost, Professor, his theory of magnetism M. 167 
Friestlei/t his observations respecting electrical 
discharges . . . E. 146 

— his experiments on lateral explosions £.147 

— his experiments illustrative of the repul- 
sive power of electricity . £.164,165 

Prime conductor of the electrical machine £.56,59 
Prince Rupert's drops, on exploding, evolve 

electricity . . £.215 

Prismatic colours exhibited by electric light G. 27 
Prize question proposed by the Academy of 

Bavaria . . E. BI. 3 

Pronp*s variation compass . . M. 281 

Proof plane of Coulomb £.76 

Prostration of strength from the electric 

shock ., £.182 

Protection of buildings from' lightning £. 221 

— of the copper sheetings of vessels from 
corrosion . . . G.42 

Pulverization influences the conducting power 
of bodies for electricity . £. 23 

•— giving rise to electricity . E. 206 



Pupils of the eyes dilated by galvanism G. 61 

— — contracted by a slighter impression 

of galvanism on the nerves of the face 6. 58 
Putrefaction rapid after death by electricity, 
or by lightning . . £.183 

Q. 

Quadrant electrometor . . £. 73 

Qualities of iron, their Influence on magnetic 

susceptibility and retentiveness M. 41 

Quantity of electricity, as contrasted with in- 
tensity . . G. 94 

— of magnetic fluid in iron, unlimited M. 155 

R. 

Rain, generally attended with electricity E. 218 

Rarefaction of air diminishes the power of 

insulation . . . £. 21 

Reaction universally accompanies action Bf . i 1 

— of iron upon the magnet H. 23 
Recession of two bodies explained on Frank- 
lin's theory . . £.51 

Reciprocity of action and re-action M. 11 

Rectilinear and curvilinear currents, their 

mutual actions . £. M. 212 

Rectilinear currents . £. M. 169, et seq. 

Reduction of metallic oxides . £. 174 

Redundant fluid, and matter, defined £. 49 

— — in magn<?tism , M. 137 
Remedial operation of electricity £. 185 
Repulsion, electrical . . . £. 7, 8 

— — explained . £.46 

— — effects of . . . £ . 65 

— of air . . £.95 

— mutual, among the particles of matter £. 233 
— - magnetic, accounted for M. 140 

— electro-dynamic, of parallel but oppo- 
site currents . £. M. 170, 171 

— of parts of the same electrical current 

£. M. 187 
■— of magnets explained on Ampere's the- 
ory . . £. M. 294 

— electro-magnetic, phenomena resem- 
bling . . £. H. 39 

Residual charge of electricity £.123 

Resinous bodies become electrical by congela- 
tion . . . £. 199 
Revolution, incipient electro-magnetic £. M. 139 
Ringing sound favourable to the propagation 

of magnetic influence . M. 44 

Resins electric . . £.6 

— when heated become conductors £. 23 

— inflamed by electricity . E. 1/0 
Resinous electricity, defined . . £.29 
Resistance to the transmission of electricity 

is limited . . . . £. 24 

Retardation to the free passage of electricity, 

its effects . . . E. 145 

Retarding causes in the case of voltaic elec- 
tricity . . . G.97, etseq. 
Retentiveness of magnetism M.4], 42 

— proportional to hardness of texture in 
steel . . . M. 54 

Revolving doubler of electricity . £. 195 

— — applied to determine the electricity 

of the poles of the voltaic pile G. 22 

— motion of a terminated current £. M. 201 
Rhombus, the best form for a compass nee- 
dle ... . M. 227 

Ribbon, the quality of its electricity depen- 
dant on its colour . . . £.35 

Richmartf Professor, his experiment on the 
electrical states of the coatings of glass £.113 

— ^ his sudden death by lightning £.220 
Riess, P. his experiments on the influence of 

solar light on magnetism . £. M. 331 

Ring, electro-dynamic, its magnetic state 

E. M. 291 
Ritchie*8 torsion galvanometor £. BI. 116, 118 

Rittery Professor, his views of the composi- 
tion of water, and its combinations with 
electricity . . . G. 105 

— — his secondary galvanic piles G. 93 
•— '— his experiments on the connexion 

between electricity and magnetism £. BI. 8 
Robisorit Professor, on the conducting powet 
of silk for electricity . E. 25 
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Robiton, Professor, his explanation of the effect 
of moisture on the chargeof aLeydenjar E.130 
•— — description of his portable electric 
jar .... E. 131 

— — his observations on Priestley's expe- 
riment . . . E. 147 

•" — his observation on the inflaence of 
galvanism on the taste of porter drank 
out of a pewter pot . • 6. 80 

— — on the magnetism of different Icinds 

of steel . . . M. 58 

— — on the terrestrial origin of all mag- 
netism . . . M. 108 

— — on the effect of wetting steel bars 
during the process of their magnetiza- 
tion . . . M. 199 

— — his experiments with Bernouilli*s 
dipping-needle . . . M. 303 

Rod, discharging . E. 134 

Rods for conductors of lightning E. 221 

Rogetf Dr., his experiments on the velocity of 

transferof elements in the voltaic circuit 6. 102 

■— his theory of that phenomenon 6. 106 

— instrument invented by him for the me- 
' chanical description of magnetic curves 

M. 83, note 
•— his experiment on the attraction of the 
coils of a helical wire E. M. 173 

Rosst Captain, his observations on the amount 
of magnetic deviation produced by the lo- 
cal attraction of the ships in the Arctic 
expeditions . . M. 247 

Rotation, magnetism of . M. 354, et seq. 

Rotations, electro-magnetic E.BI. 59, et seq. \4l 
^ — not explained by the electro-magne- 
tic theory . . £. M. 257 

— — heliacal . . E.M. liO 

— -- thermo-electric E. M. 807 
Rotatory movement of the leaves of the He- 

dysarum gyrans, influence of electricity 
on . . • E. 187 

Rotatory force, mode of estimating E. M. 93 

Royal Institution, voltaic battery of G. 16 

— — arc of light exhibited by its bat- 
tery . . . G.27 

Royal Society, its influence on the advance- 
ment of electricity . . E. S 
Rubber of the electrical machine E. 56, 60 
RuperVi drops, electricity produced by their 
explosion . £.215 

S. 
Satinet Captain, his determination of the dip 
in London . . M. 98 

— on the existence of secondary magnetic 
poles . . M. 1 14 

— on the annual diminution of the dip M. 117 

— on the effect of local attraction of ships 

M. 247 
— - <!oii8trnction of the dipping-needle em- 
ployed by him . . M. 305 

— apparatus employed by him for deter- 
minintc mognetic intensities M. 336 

Saint Hilaire, Geqffroy, on organs in rays ana. 
logous to the electrical organs of the tor- 
pedo . . . G.90 

St. Vitus*s Dance cured by means of electri- 
city . . . E. 185 

Saline solutions, electric spark only seen in 
them when the electric charge is consi- 
derable . E. 171 

— bodies increase the conducting power 

of the fluid part of the galvanic circuit G. 95 
Saliva, acts as a galvanic agent G. 6 

Salts, neutral, decomposed by galvanism G. 4? 
Saturation with electric fluid, defined E. 49 

— with magnetism, defined . M. 42 
Saoarfs experiments to determine the law of 

electro-magnetic action E. H. 27 

Savary^s experiments on magnetization by 

electricity . . . E. M. 164 

Saoery, Mr., his nomenclature of magnetic 

polarities . M. 105 

jScAmo/ca/der's surveying compass M. 241 

Sweigger*s electro-magnetic multiplier E. M. 171 
Scoreeby on the resistance to the transmission 

of magnetism in different kinds of iron M. 57 



Scoretby on the acquisition of magnetism by 
heated iron cooled in a vertical position M. 109 

— on the acquisition of magnetism by 
hammering . . . M. 171 

— his proposed method of finding the dip 

M.315 

— his experiments on the influence of con- 
cussion . £. M. 5 

Sealing wax, melted and electrified, experi- 
ment with . . E. 69 

— — broken across exhibits electricity E. 215 
Screens, their influence in intercepting mag- 
netism . . . M.359 

Screws, of two kinds . E. BI. 1^2 

Secondary poles, magnetic M. 114 

Secretion, influence of electricity on E. 216 

— influence of galvanism on . G.63 
Seebeck, Professor, his alloy proper for the 

manufacture of compasses M. 349 

— — on the effects of different metals in 
diminishing the oscillations of the mag- 
netic needle . . . M. 370 

>- — his discovery of thermo-electricity 

E. M. 303 
Sensations produced by electricity E. 180, et seq, 

— on the evidence they afford of the mate- 
riality of electricity . E. 223, 229 

•>- derived from galvanism . G. 56, 57 

— singular, from rapid changes of mag- 
netization . £. M. 159 

Sensitive plant, bow affected by electri- 
city . . . . E. 187 

Separation of bodies, exhibiting electrical phe- 
nomena . . . E. 34 

— of particles, the effect of electri- 
city . . . £.151 

— — resulting from galvanism G. 37 

— — the mode in which heat influences 
magnetism . M. 147 

Series of bars magnetized . M. 10 

— of magnetic poles . M. 144 

— of magnets . . M. 150 
Shape of bodies influences their retentive 

power with respect to electricity £. 28 

Shape of compass needle, most advantage- 
ous . . . .31. 227 
Shear steel, its properties with respect to mag- 
netism ... M. 228 
Sheep, galvanic experiments on G. 81 
Ships, best mode of protecting them A'om 
lightning . £. 221 

— local attraction of, its influence on the 
compass . M. 24d, et seq. 

Shock, electric, its effects described E. Hi) 

— — felt only in particular parts £. 140 

— — its force weakened by length of 
circuit . £.141 

— — mode of softening its intensity E. 180 

— — fatal to small animals . £. 182 

— from the voltaic pile . . G. 10 

— of torpedo does not affect the galvano- 
metor . . G. 89 

Sifting powders, electricity excited by this 
means ....£. 206 

Sight rendered indistinct by a strong electric 
shock ... £. 182 

Silk, an electric . . . £.6 

— its insulating power compared with that 

of gum-lac . . . £.25 

Silurus electricus . G. 88 

Silver, nitrate of, decomposed by galvanism G. 50 

— spoon, forms a galvanic circle in eating 

an egg . . G. 82 

— leaf transferred on paper by electri- 
city . £.168 

— amalgam excites no electricity by fric- 
tion with glass . £. 214 

Simple galvanic circles G. 4 

Singer, his observations on the rubber of the 
electrical machine £.60 

•— the amalgam recommended by him £. 61 

— his experiments on the fracture of glass 

by electricity . . £.154 

— on the transfer of coloured metals to 
paper or silk by electricity ^ . E. 169 

— on the partial oxidation of metals by 
electric explosions . . £. 173 
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Skin, human, a bad conductor of galvanism G. d6 
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Smarting sensation from galvanism G. 57 
Smoke directed towards the negative conduc- 
tor . . E. i28 
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ties . . . E. 232 
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Solid bodies torn asunder by electricity E. 158 
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netizing power of the solar rays E. M. 327 
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of electri,city . . E. 223, 229 
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tric by compression . • E. 205 
Spark, electric . E. 10, 171 
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form of the conductor . E. 87 

— medical application of . . £• 186 

— galvanic . . . G. 26, 35 
Sparrows killed by electricity . E. 182 
Spermaceti not melted on conducting wires 

coated with It . . G. 37 

Sphene, becomes electrical by heat E. 198 

Sphere, the roost favourable form for retain- 
ing electricity . . . E. 28 

— distribution of electricity in . E. 77 

— hollow, of iron, its magnetic action M. 162 
Spider's thread, proposed for the delicate sus- 
pension of the magnetic needle M. 283 

Spine, effect of an electric discharge sent . 
through the . . E. 182 

Spiral coil of wire, its electro-magnetic pro- 
perties . . . E. M. 100 

Spirit of wine inflamed by electricity . E. 1/0 

Splitting of magnets, phenomena attending M.t>5 

Spontaneous electricity developed by separa- 
tion . . . E.199 

Sponge, moist, electrified, experiment with E. 71 

Spoon acquires a tarnish from an egg, by gal- 
vanism . . G. 82 

Star, luminous appearance resembling, on 
negative points • E. 97 

Stars, profusion of, emanating from iron wire G. 35 

Star-shaped iron, singular magnetism acquired 
by . . . il.31 

Stains, metallic, impressed on paper by means 
of electricity . . . E. 169 

Steadiness of the mariner's compass, condi- 
tions for ensuring it . M. 233 

Steel, differences in its magnetic properties 
from those of iron . . M. 41,42,54 
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Steiglehner, Professor, his opinions relative to 
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ism .. . E.M. 3 
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Stream of electricity in the galvanic circle G. 5 
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the action of a magnetic pole £ M. 89 

Streams of magnetic fluid, hypothetical M. 132 
Striking distance, described E. 87 

Struggles of the limbs of a horse galvanized G. 61 
Sturgeon's experiment on electto- magnetic ro 

tation . . . £. M. 85 

Subcontrary position, defined . M. 73 

Sulphate of copper decomposed by electricity 

E 177, 178 

— of lime, Rtrontitea, barytei, and soda de- 
composed by galvanism . G. 47 

— potash decomposed . , G. 48 
Sulphur, an electric . . • E. 6 

— conducts electricity when heated E. 23 

— becomes electrical in passing from the 
liquid to the solid state . £.199 

Snlphur and silver, forming a galvaniii combi- 
nation . 6. 8S 
Sulphuric acid decomposed by ealvanism G. 54 

— — difference of effect when concentra- 
ted or diluted . . G. 85 

Sulphurets, their electro-chemical relations G.76 

— order of metals with relation to G. 81 
Sulphuret of carbon, experiment with M. 51 
Suker^ first galvanic fact noticed by . G. 1 
Sun and stars, imitation of, lb a galvanic ex- 
periment . . ; G.35 

Supports for magnetic needles . M. 7. 8 

Surface of bodies, electricity accumulated in E. 75 

— of coated glass receives the electricity E. 121 

— alone active . . E. 151 
>- extent of, its indttence in the Toltaie ap- 
paratus . . G. 94 

i— of magnets, activity resident in M. 149 

— of iron, inflnence of, in determining 
magnetic action . . M. 255 

Surveying compasses . M. 241 

Susceptibility to magnetism, ctn^amstatices 
determining . M.41, 42 

— to induction In iron . . M. 60 
Suspension of a needle in the air by electro- 
magnetism . . £. M. 104 

— of the mariner's compass . M. 235 
Sylvester, his experiment with Dr. Roget on 

the mode of transfer of chemical elements 

through fluids during galvanic action 

G. 103, 108 
Spmner, on the effects of the passage of the 

electric discharge through paper E. 160 

Sympathy, alleged, between a magnet and 

iron . . . M. 131 

Syphon, flow of water in, accelerated by elec- 

triclty . . . £.70 

T. 
Table of conducting bodies . £. 24 

— of metals in the order of their electro- 
chemical relations . . G. 73 

— of metals in the order of their thermo- 
electrical relations • E.M. 311 

Taenia, affected by galvanism • 6. 60 

Talc, an electric . . ' E. 6 

— receives a high charge of electricity ft. 129 

— electrical by the separation of its parts G. 215 
Tangential electro magnetical force E. M. 20 
Ta«<te from impressions derived from galvan- 
ism . . . G. 58 

Temper of steel, modifications of . M. 58 

Tempering needles for constructing mariners* 

compasses . . . M. S29 

Temperature does not affect the insulating 

power of the air . . « E.21 

— influences the conducting power of bo- 
dies . . E. ]23 

— affects the order of the metals In the se- 
ries of their thermo-electric relations E. M.818 

•— (See Heat.) 
Ten Kych, his artificial magnet by electro- 
magnetism . . £. M. 161 
Tension, electric . . G. /O 
Terminated currents, their electro-magnetic 

properties . . E. M. 199 

Terreilee. magnetic . M. 215 

Terrestrial magnetism M. 91. et Mf— .E.M 12$, 297 

•— — moae of neutrallsioglts actions. If, 19S 
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